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CYP: cytochrome P450
UGT: uridine 5’-diphospho-glucuronosyltranseferase
SULT: sulfotransferase
GLP: good laboratory practice
ATP: adenosine triphosphate
LDH: lactate dehydrogenase
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AFB1: aflatoxin B1
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GAPDH: glyceraldehyde 3-phosphate dehydrogenase
UPGMA: unweighted pair group method with arithmetic mean
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11. ➨ 1❶ ᗎㄽ
㏆ᖺ㸪᪂つ๰⸆ᶆⓗศᏊࡢᯤῬ࡟ࡼࡾ㸪పศᏊ໬ྜ≀ࡢ๰⸆ࡀᅔ㞴࡟࡞ࡗ࡚ࡁ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀ࡚࠾ࡾ㸪ࡑࡢࡓࡵ㸪㝈ࡽࢀࡓೃ⿵໬ྜ≀ࢆ☜ᗘ㧗ࡃ๰⸆࣭㛤Ⓨࡍࡿࡇ࡜ࡀồࡵࡽࢀ࡚࠸ࡿ㸬་
⸆ရࡢ㛤Ⓨࢫࢸ࣮ࢪ࡛ࡢ㛤Ⓨ୰Ṇࡢせᅉࡢ࠺ࡕ㸪Ᏻ඲ᛶ㠃࡛ࡢၥ㢟ࡀཎᅉ࡜࡞ࡿሙྜࡢ༨ࡵࡿ๭
ྜࡀ㧗࠸㸦Kola and Landis 2004; Hornberg et al., 2014㸧㸬Waringࡽࡢሗ࿌࡟ࡼࡿ࡜ᾏእ኱ᡭ〇⸆࣓
࣮࣮࢝ࢆᑐ㇟࡜ࡋࡓゎᯒ⤖ᯝ࡛㸪⤒ཱྀపศᏊ་⸆ရࡢ㛤Ⓨೃ⿵ရ 812໬ྜ≀ࡢ୰࡛㸪ୖᕷࡲ࡛⮳
ࡽࡎ࡟㛤Ⓨ୰Ṇ࡜࡞ࡗࡓ 605໬ྜ≀ࡢෆ㸪240໬ྜ≀㸦⣙ 40%㸧ࡀ㠀⮫ᗋヨ㦂࡛ࡢẘᛶࡀཎᅉ࡛
࠶ࡗࡓ࡜ࡢሗ࿌ࡶ࠶ࡿ㸦Waring et al., 2015㸧㸬⸆ຠ㠃࡛᭷ᮃ࡞࠸ࡃࡘ࠿ࡢ㛤Ⓨೃ⿵໬ྜ≀ࡢෆ㸪Ᏻ
඲ᛶ࣭ẘᛶ⌮⏤࡟ࡼࡾ㛤Ⓨ୰Ṇ࡜࡞ࡿࣜࢫࢡࡢᑡ࡞࠸໬ྜ≀ࢆ㑅ฟࡍࡿࡓࡵ࡟㸪๰⸆ࡢึᮇẁ㝵
࠿ࡽẘᛶࡢࣜࢫࢡࢆண 㸪ᅇ㑊ࡍࡿࡓࡵࡢホ౯⣔ࡀ୙ྍḞ࡛࠶ࡿ㸬
Ᏻ඲ᛶࡀၥ㢟࡜࡞ࡾ་⸆ရ㛤Ⓨࡀ୰Ṇ࡜࡞ࡿࢣ࣮ࢫ࡟࠾࠸࡚㸪᭱ࡶ୺せ࡞ཎᅉࡢࡦ࡜ࡘ࡟⫢㞀
ᐖࡀᣲࡆࡽࢀࡿ㸦Hornberg et al., 2014㸧㸬⸆๣ㄏⓎᛶ⫢㞀ᐖ࡟ᑐࡍࡿ◊✲ࡣẚ㍑ⓗ┒ࢇ࡟⾜ࢃࢀ࡚
࠸ࡿࡀ㸪Idiosyncratic㸦≉␗య㉁ᛶ㸧࡞⫢㞀ᐖ࡞࡝㸪Ⓨ⌧࣓࢝ࢽࢬ࣒ࡀ༑ศゎ᫂ࡉࢀ࡚࠸࡞࠸ࡶࡢ
ࡶ࠶ࡾ㸪ᮍࡔ༑ศ࡜ࡣゝ࠼࡞࠸㸬
๰⸆ࡢࣉࣟࢭࢫࡣ୍⯡ⓗ࡟ࠗࢱ࣮ࢤࢵࢺⓎ᥀࣭ࣄࢵࢺ໬ྜ≀ࡢ᥈⣴࣭໬ྜ≀ࡢ᭱㐺໬࣭㛤Ⓨೃ
⿵ရࡢ㑅ฟ࣭⏦ㄳ࡟ᚲせ࡞㠀⮫ᗋࢹ࣮ࢱࡢྲྀᚓ࠘࡜࠸࠺ὶࢀ࡟༊ษࡽࢀࡿ㸬ࡑࡢ୰࡛㸪Ᏻ඲ᛶホ
౯࡟㛵ࡋ࡚ࡣ㸪໬ྜ≀᭱㐺໬࣭㑅ᢤࡢ㐣⛬࡛ᐇ᪋ࡍࡿ᥈⣴ⓗ࡞ẘᛶヨ㦂㸪㛤Ⓨೃ⿵ရ࡟ࡘ࠸࡚ᐇ
᪋ࡍࡿࣞࢠࣗࣛࢺ࣮ࣜ࡟ᑐᛂࡋࡓ GLPẘᛶヨ㦂࡜࠸࠺㐣⛬࡛⾜ࢃࢀࡿ㸦Fig. 1㸧㸬᥈⣴ⓗ࡞ẘᛶヨ
㦂࡛ࡣ in vitroཬࡧ in vivoࡢヨ㦂⣔ࢆ⏝࠸࡚㸪㛤Ⓨೃ⿵࡟㑅ฟࡍࡿ໬ྜ≀ࡢẘᛶ࣏ࢸࣥࢩࣕࣝࡢ
ᢕᥱ࠾ࡼࡧࡼࡾẘᛶᠱᛕࡢ࡞࠸ೃ⿵ရࢆ㑅ฟࡍࡿࡓࡵࡢࢫࢡ࣮ࣜࢽࣥࢢࢆ⾜࠸㸪GLPẘᛶヨ㦂࡛
ࡣ㸪㛤Ⓨೃ⿵ရࡢẘᛶࣉࣟࣇ࢓࢖࣭ࣝ⸆ຠ࡟ᑐࡍࡿᏳ඲ᇦࡢ⟬ฟࢆ⾜࠺ࡓࡵࡢࢹ࣮ࢱࢆྲྀᚓࡋ㸪
⮫ᗋ㛤Ⓨࢆ㐍ࡵ࡚࠸ࡃὶࢀ࡜࡞ࡿ㸬㛤Ⓨೃ⿵ရࡀᑠື≀㸦࣐࢘ࢫ㸪ࣛࢵࢺ㸧㸪኱ື≀㸦࢖ࢾ㸪ࢧ
ࣝ㸧࡞࡝ࢆ⏝࠸ࡓ㠀⮫ᗋࡢẘᛶヨ㦂࡛⫢㞀ᐖᛶࢆ♧ࡋࡓሙྜ㸪ࡑࡢẘᛶⓎ⌧࣓࢝ࢽࢬ࣒ࡢゎᯒ࣭
ࣄࢺ࡬ࡢእᤄᛶࡢ᳨ドࢆ⾜࠸㸪࣓࢝ࢽࢬ࣒࡟ᛂࡌࡓ⫢㞀ᐖᛶᅇ㑊ࡢࡓࡵࡢࢫࢡ࣮ࣜࢽࣥࢢ⣔ࡢᵓ
⠏㸪ẘᛶᅇ㑊໬ྜ≀ࡢ㑅ฟ࡜࠸࠺ὶࢀ࡛㸪๰⸆◊✲࡟࠾ࡅࡿ⫢ẘᛶ࡬ࡢᑐᛂࡀ⾜ࢃࢀࡿࡢࡀ୍⯡
ⓗ࡛࠶ࡿ㸬ࡇࡢẘᛶⓎ⌧࣓࢝ࢽࢬ࣒ࡢゎᯒࡸ㸪ࢫࢡ࣮ࣜࢽࣥࢢ⣔ࡢᵓ⠏࡟࠾࠸࡚㸪ࣄࢺ࡬ࡢ⫢㞀
ᐖᛶࢆホ౯ࡍࡿࡓࡵࡢࣄࢺ⫢⣽⬊ࣔࢹࣝࡀᚲせ࡜࡞ࡿ㸬
Figure 1 Process of drug discovery and drug development
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2ࣄࢺ⫢⮚ᇵ㣴⣽⬊⣔ࡢࢦ࣮ࣝࢹࣥࢫࢱࣥࢲ࣮ࢻ࡜ࡋ࡚౑⏝ࡉࢀࡿࡢࡀ㸪ࣄࢺ⫢⣽⬊࡛࠶ࡿ㸬ࣄ
ࢺ⫢⣽⬊ࡢ୰࡛ࡶࣄࢺ᪂㩭⫢⣽⬊㸪ࣄࢺ෾⤖⫢⣽⬊࡞࡝ࡀ࠶ࡿ.᪂㩭⫢⣽⬊ࡣධᡭࡀᐜ࡛᫆ࡣ࡞ࡃ
๰⸆◊✲࡛ࡢ౑⏝ࡣ㞴ࡋ࠸ࡀ㸪෾⤖⫢⣽⬊ࡣẚ㍑ⓗᐜ᫆࡟ධᡭ࡛ࡁ㸪๰⸆࡟࠾ࡅࡿ⸆≀ືែ◊✲㸪
ẘᛶ◊✲࡟౑⏝ࡉࢀࡿࡇ࡜ࡀከ࠸㸬ࣄࢺ෾⤖⫢⣽⬊ࡣࡑࡢ෾⤖ಖᏑᢏ⾡ࡢⓎᒎ࡟క࠸㸪⸆≀௦ㅰ
άᛶ࡞࡝ࡢᶵ⬟ࢆ⥔ᣢࡋࡓ≧ែ࡛ධᡭࡍࡿࡇ࡜ࡀྍ⬟࡟࡞ࡾ㸪௦ㅰάᛶࡢ㧗࠸ࣄࢺ⫢⣽⬊ࢆヨ㦂
◊✲࡟౑⏝࡛ࡁࡿࡼ࠺࡟࡞ࡗࡓ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ࣄࢺ෾⤖⫢⣽⬊ࡣࢻࢼ࣮ࡢಶయ࡟⏤᮶ࡍࡿ⸆≀
௦ㅰ㓝⣲ࡢࣟࢵࢺ㛫ᕪࡀ኱ࡁ࠸࡜࠸࠺ḞⅬࡀ࠶ࡿ㸬ࡲࡓࣟࢵࢺ࡟ࡼࡗ࡚ࡣ୍㒊ࡢ௦ㅰ㓝⣲άᛶࡀ
ప࠸ࣟࢵࢺࡀᏑᅾࡍࡿሙྜ࡞࡝ࡀ࠶ࡾ㸪๰⸆◊✲㸪≉࡟Ᏻᐃ࡞ホ౯⣔ࡀᚲせ࡞ึᮇࡢࢫࢡ࣮ࣜࢽ
ࣥࢢ࡞࡝࡛ࡣ౑⏝ࡋ࡙ࡽ࠸࡜࠸࠺ḞⅬࡀ࠶ࡿ㸬ࡉࡽ࡟㸪᧛✀┤ᚋࡸᠱ⃮≧ែ࡛ࡢ౑⏝࡛ࡣ⸆≀௦
ㅰ⬟ࡀ㧗࠸ࡀ㸪ẘᛶホ౯࡞࡝ࡢ༢ᒙᇵ㣴࡞࡝ࡢ᥋╔≧ែ࡛ヨ㦂ࢆ⾜࠺ሙྜ㸪୍ᬌ᥋╔ᚋ㸪௦ㅰά
ᛶࡀⴭࡋࡃపୗࡋ࡚ࡋࡲ࠺࡞࡝ࡢㄢ㢟ࡶ࠶ࡿ㸬௦ㅰάᛶࡀ㧗ࡃ㸪ศᏊ✀࡟ࡼࡾάᛶ್࡟Ḟᦆࡀ࡞
࠸㸪௦ㅰࣉࣟࣇ࢓࢖ࣝࡢⰋዲ࡞ࣟࢵࢺࡶᏑᅾࡍࡿࡀ㸪ࡑࡢࡼ࠺࡞ࣟࢵࢺࡣ୍ᐃࡢ౑⏝⪅࡟ࣟࢵࢺ
ࡈ࡜ໟᣓ㉎ධࡉࢀධᡭ࡛ࡁ࡞࠸࡞࡝㸪᭷ᮃ࡞ࣟࢵࢺࡢᏳᐃⓗ࡞౪⤥ࡶ㞴ࡋ࠸㸬ࡲࡓ㸪ࣄࢺ෾⤖⫢
⣽⬊ࡣ㸪ẚ㍑ⓗ㧗౯࡛࠶ࡾ㸪ึᮇࡢࢫࢡ࣮ࣜࢽࣥࢢ࡛⣽⬊ࢆ኱㔞࡟౑⏝ࡍࡿ๰⸆ࡢึᮇẁ㝵࡛ࡣ
౑⏝ࡀ㞴ࡋ࠸࡜࠸࠺ḞⅬࡀ࠶ࡿ㸬୍᪉㸪ᶵ⬟࡞࡝ࡀᆒ㉁࡛ࣟࢵࢺ㛫ᕪ࡞࡝ࡀᑡ࡞࠸⣽⬊࡜ࡋ࡚㸪
ᰴ໬ࡉࢀࡓࢭࣝࣛ࢖ࣥ࡞࡝ࡀᣲࡆࡽࢀ㸪⫢⣽⬊࡟ࡘ࠸࡚ࡶࣄࢺ⫢⭘⒆⏤᮶⣽⬊ᰴࡢ HepG2⣽⬊࡞
࡝ࡀỗ⏝ᛶ㧗ࡃ౑⏝ࡉࢀ࡚࠸ࡿ㸬ࡇࢀࡽࡢ⣽⬊ࡣẚ㍑ⓗᇵ㣴ࡶᐜ࡛᫆㸪ᶵ⬟࡞࡝ࡶᏳᐃࡋ࡚࠸ࡿ
ࡓࡵ㸪ึᮇࡢࢫࢡ࣮ࣜࢽࣥࢢ࡟౑⏝ࡋࡸࡍ࠸࡜࠸࠺฼Ⅼࡀ࠶ࡿࡀ㸪ከࡃࡢ⸆≀௦ㅰ㓝⣲ࡢⓎ⌧ࡀ
ࣄࢺ⫢⣽⬊࡜ẚ㍑ࡋ㠀ᖖ࡟ప࠸ࡓࡵ㸪ࣄࢺࡢ⫢⮚ࡢᶵ⬟ࡢ≉ᚩࡢ୍ࡘ࡛࠶ࡿ⸆≀௦ㅰ㓝⣲ࡢᙳ㡪
ࢆ༑ศ࡟ࡣホ౯࡛ࡁ࡞࠸㸬ẘᛶホ౯ࡢほⅬ࡛ࡶ㸪௦ㅰࢆ௓ࡋࡓ໬ྜ≀ࡢᙳ㡪ࡸ㸪௦ㅰ≀ࡢẘᛶࢆ
㐣ᑠホ౯ࡍࡿྍ⬟ᛶࡀ࠶ࡿ㸬ࡇࡢࡼ࠺࡟㸪๰⸆◊✲࡟࠾࠸࡚㸪ࣄࢺࡢ⸆≀௦ㅰᶵ⬟ࢆᏳᐃⓗ࡟᭷
ࡋ㸪ẘᛶࡢࢫࢡ࣮ࣜࢽࣥࢢࡸ࣓࢝ࢽࢬ࣒ゎᯒ࡟౑⏝࡛ࡁࡿ⫢⣽⬊ࣔࢹࣿࡀᮃࡲࢀࡿࡀ㸪ࡑࢀࡒࢀ
ࡢ⫢⣽⬊ࣔࢹࣝ࡟ࡣㄢ㢟ࡀ࠶ࡿ㸬
3HepaRG ⣽⬊ࡣ 2002 ᖺ࡟ Gripon ࡽࡼࡾᶞ❧࣭ሗ࿌ࡉࢀࡓࣄࢺ⫢⭘⒆⏤᮶ࡢ⣽⬊ᰴ࡛࠶ࡿࡀ
㸦Gripon et al., 2002㸧㸪DMSOཬࡧ hydrocortisone࡞࡝ࡢ௦⾲ⓗ࡞ศ໬ㄏᑟ๣ࡀྵࡲࢀࡿ≉Ṧ࡞ᇵ
ᆅࢆ⏝࠸ࡓᇵ㣴᮲௳୍࡛ᐃᮇ㛫ᇵ㣴ࡋศ໬ࡉࡏࡿ࡜㸪⫢⣽⬊ᵝࡢᙧែࢆ♧ࡍ⣽⬊࡜⫹⟶ୖ⓶ᵝࡢ
ᙧែࢆ♧ࡍ 2 ࡘࡢᙧែࢆࡶࡘ⣽⬊ࡢඹᇵ㣴⣔ࡢ≧ែࢆ♧ࡍࡼ࠺࡟࡞ࡿ㸬ࡇࡢࡼ࠺࡟ศ໬ࡉࢀࡓ
HepaRG⣽⬊ࡣᙧែࡢࡳ࡞ࡽࡎ㸪⫢⮚࡟≉␗ⓗ࡞ albumin㸪aldolase B࡞࡝ࡢⓎ⌧࡟ຍ࠼㸪ẟ⣽⫹
⟶ࡢⓎ⌧ࡀㄆࡵࡽࢀࡿ࡞࡝ࡢ㸪ྛ✀⫢⮚ᶵ⬟ࢆࣄࢺ⫢⣽⬊࡜ྠᵝ࡟཯ᫎࡋࡓࣉࣟࣇ࢓࢖ࣝࢆ♧ࡍ
㸦Gripon et al., 2002; Parent et al., 2004㸧㸬ࡲࡓ㸪HepaRG⣽⬊ࡣศ໬ࡉࡏࡿࡇ࡜࡛㸪⫢⸆≀௦ㅰ㓝
⣲ࡀ㸪ࣄࢺ⫢⣽⬊࡜ྠ➼ࣞ࣋ࣝ࡟Ⓨ⌧ࡋ࡚࠸ࡿ⣽⬊⣔࡛࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Gripon et al.,
2002; Guillouzo et al., 2007; Aninat et al., 2006㸧㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ HepaRG⣽⬊ࡣ⸆≀ືែ◊✲ࡸ
ẘᛶ◊✲࡞࡝࡛ࣄࢺ⫢⣽⬊ࡢ௦᭰࡜ࡋ࡚౑⏝࡛ࡁࡿ⣽⬊⣔࡜ࡋ࡚ὀ┠ࡉࢀ㸪๰⸆◊✲࡞࡝࡟౑⏝
ࡉࢀࡘࡘ࠶ࡿ㸬ᐇ㝿࡟ࡇࢀࡲ࡛⸆≀௦ㅰヨ㦂࡛ࡢ᭷⏝ᛶ࡟㛵ࡍࡿሗ࿌㸦Kanebratt and Andersson ,
2008 (a); Lübberstedt et al., 2011㸧㸪⸆≀┦஫స⏝࡟㛵ࢃࡿ CYPㄏᑟ㸪CYP㜼ᐖࡢホ౯࡟㛵ࡍࡿሗ࿌
㸦Kanebratt and Andersson, 2008 (b); Turpeinen et al., 2009; Anthérieu et al., 2010; Ogasawara et al.,
2016㸧㸪⸆≀ࡢࢡࣜ࢔ࣛࣥࢫண ࡬ࡢ᭷⏝ᛶ࡟㛵ࡍࡿሗ࿌࡞࡝㸦Zanelli et al., 2012㸧ືែ◊✲࡟㛵
ࢃࡿሗ࿌ࡀከࡃ࡞ࡉࢀ࡚ࡁ࡚࠸ࡿ㸬
HepaRG⣽⬊ࢆ⏝࠸ࡓẘᛶホ౯࡟㛵ࡍࡿ◊✲ࡶ࠸ࡃࡘ࠿࡞ࡉࢀ࡚ࡁ࡚࠸ࡿ㸦Aninat et al., 2006; 
Jossé et al., 2008; Gerets et al., 2012㸧㸬⸆≀௦ㅰᶵ⬟ࢆࣄࢺ⫢⣽⬊࡜ྠ➼ࣞ࣋ࣝಖ᭷ࡋ࡚࠸ࡿࡇ࡜࠿
ࡽ㸪HepG2⣽⬊࡞࡝ࡢࢭࣝࣛ࢖ࣥ࡜ẚ㍑ࡋ㸪ࡼࡾࣄࢺ⫢⣽⬊࡟㏆࠸ẘᛶホ౯ࣔࢹࣝ⣽⬊⣔࡜ࡋ࡚
ࡑࡢ᭷⏝ᛶࡀ᳨ドࡉࢀ࡚ࡁ࡚࠸ࡿࡀ㸪ࡑࡢHepaRG⣽⬊ࡢ௦ㅰάᛶ࡜ẘᛶⓎ⌧࡜ࡢ㛵ಀࡸHepaRG
⣽⬊ࢆ⏝࠸ࡓ௦ㅰⓗάᛶ໬ࢆ௓ࡋࡓẘᛶⓎ⌧ᶵᵓ࡟㛵ࡍࡿ◊✲ࡣࡇࢀࡲ࡛࠶ࡲࡾࡉࢀ࡚ࡁ࡚࠸
࡞࠸㸬ࡑࡇ࡛ᮏ◊✲࡛ࡣ㸪HepaRG⣽⬊ࡀࡇࢀࡽ௦ㅰⓗάᛶ໬ࢆ௓ࡋ࡚Ⓨ⌧ࡍࡿ⫢㞀ᐖᛶࢆ᳨ฟ࣭
ホ౯࡛ࡁࡿ⣔࡛࠶ࡿ࠿࡜࠸࠺ほⅬ࡛㸪HepaRG ⣽⬊ࡢ⣽⬊ẘᛶホ౯⣔࡜ࡋ࡚ࡢ᭷⏝ᛶ࡟㛵ࡍࡿ◊
✲ࢆ⾜ࡗࡓ㸬
42. ➨ 2❶ ⫢⣽⬊ホ౯⣔ࡢ⸆≀௦ㅰ㓝⣲άᛶホ౯
2.1 ➨ 1⠇ ⥴ゝ
HepaRG ⣽⬊ࡣศ໬ࡉࡏࡿࡇ࡜࡛ࣄࢺ⫢⣽⬊୪ࡳ࡟⸆≀௦ㅰ㓝⣲άᛶࢆ᭷ࡋ࡚࠸ࡿࡇ࡜ࡀ▱ࡽ
ࢀࡿ㸦Lübberstedt et al., 2011㸧㸬ࡲࡓᰴ໬ࡉࢀࡓ⣽⬊࡛࠶ࡿࡓࡵࣄࢺ⫢⣽⬊࡜ẚ㍑ࡋ㸪ࣟࢵࢺ㛫ᕪ
ࡀᑡ࡞࠸ࡇ࡜ࡀᮇᚅࡉࢀࡿࡀ㸪HepaRG ⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶ࡟ࡘ࠸࡚」ᩘࣟࢵࢺẚ㍑ࡋ࡚ά
ᛶࢆホ౯ࡋ࡚࠸ࡿሗ࿌ࡣᑡ࡞࠸㸬ᮏ❶࡛ࡣ HepaRGࡢศ໬࣭ᇵ㣴ᚋࡢ௦⾲ⓗ࡞⸆≀௦ㅰ㓝⣲άᛶ
ࡢホ౯ࢆ⾜࠸㸪ࣄࢺ෾⤖⫢⣽⬊ཬࡧ௦⾲ⓗ࡞⫢⣽⬊ࡢᰴ໬⣽⬊࡛࠶ࡿ HepG2⣽⬊ࡢ௦ㅰάᛶ࡜ẚ
㍑ࡋࡓ㸬
2.2 ➨ 2⠇ HepaRG⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶホ౯
2.2.1 ➨ 1㡯 HepaRG⣽⬊ࡢศ໬ᇵ㣴᮲௳
HepaRG⣽⬊ࡣ᧛✀ᚋ㸪ᑓ⏝ࡢᇵᆅ㸦HepaRG® MAINTENANCE/METABOLISM MEDIUM 620㸧
࡛ᇵ㣴ᚋ 4 ᪥㹼7 ᪥࡛⸆≀௦ㅰ⬟ࡀୖ᪼ࡋ㸪14 ᪥ᚋࡲ࡛άᛶࡀ⥔ᣢࡉࢀ㸪ヨ㦂࡟౑⏝࡛ࡁࡿࡀ
㸦Manufacture protocolཧ↷㸧㸪ᮏ◊✲࡛ࡢ HepaRG⣽⬊ࡢᇵ㣴᮲௳ࢆ☜ㄆࡍࡿࡓࡵ㸪᧛✀ᚋࡢᙧែ
ほᐹཬࡧ⸆≀௦ㅰ㓝⣲άᛶࡢ ᐃࢆ⾜ࡗࡓ㸦Fig. 2-1㸧㸬
Figure 2-1 Differentiation of HepaRG cells and the determination of drug-metabolizing enzymes 
activities in the differentiated HepaRG cells.
ࡑࡢ⤖ᯝ㸪HepaRGࡣ Day7࡛⫢⣽⬊ᵝࢆ♧ࡍ⣽⬊ཬࡧ⫹⟶ୖ⓶ᵝࢆ♧ࡍ⣽⬊ࡢඹᇵ㣴⣔ࡢࡼ࠺࡞
ᙧែࡀほᐹࡉࢀ㸦Fig. 2-2㸧㸪᪤ሗࡢ㏻ࡾ࡛࠶ࡗࡓ㸦Gripon et al., 2002; Andersson et al., 2012㸧㸬ࡲࡓ
⤒᫬ⓗ࡟㸪ࡼࡾ⫢⣽⬊ᵝᙧែࢆ♧ࡍ⣽⬊ࡀ᥋㏆㸪จ㞟ࡋ࡚࠸ࡿᵝᏊࡀほᐹࡉࢀࡓ㸬ྛ✀⸆≀௦ㅰ
㓝⣲άᛶ ᐃࡢ⤖ᯝ࠿ࡽ㸪CYP1A2㸪CYP2B6㸪CYP2C19㸪CYP2D6㸪CYP3A4άᛶ࡟ࡘ࠸࡚ࡣ⤒
᫬ⓗ࡟ୖ᪼ࡍࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓ㸬CYP2C9㸪UGT㸪SULT ࡟ࡘ࠸࡚ࡣ Day7 ࡛᭱ࡶ㧗ࡃ㸪Day16
ࡲ࡛࡟ᚎࠎ࡟పୗഴྥࡀㄆࡵࡽࢀࡓ㸦Fig. 2-3㸪Table 2-1㸧㸬ࡇࡢࡼ࠺࡟⤒᫬ⓗ࡟άᛶ್ࡢኚືࡀㄆ
ࡵࡽࢀࡓࡀ㸪ࣄࢺ෾⤖⫢⣽⬊㸦3ࣟࢵࢺ㸧ࡢ⸆≀௦ㅰ㓝⣲άᛶ㸦➨ 2❶㸪➨ 3⠇㸧࡜ẚ㍑ࡋࡓ࡜
ࡇࢁ㸪ศ໬ᇵ㣴 Day7 ࡢάᛶ್ࡣ㸪ࣄࢺ෾⤖⫢⣽⬊ࡢάᛶ್࡜ྠ➼௨ୖ࡛࠶ࡗࡓࡓࡵ㸪᧛✀ᚋศ
໬ Day7ࡢ᮲௳ࢆ௨㝆ࡢヨ㦂⣔࡟౑⏝ࡍࡿศ໬᮲௳࡜ࡋࡓ㸬
Pre-culture
Day0    Day1 Day7 Day9   Day14       Day16
Observation &
Drug-metabolizing enzymes activities
Seed
Differentiation medium 
containing 2% DMSO 
(Medium 620)
Medium
change
7.2 ¼ 104 cells/well/96-well plate
HepaRG cells
5Figure 2-2  Observation of morphology of differentiated HepaRG cells.
Table 2-1 Drug-metabolizing enzymes activities in the differentiated HepaRG cells
CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac 
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase, UGT: 7-hydroxycoumarin glucronidation,
SULT: 7-hydroxycoumarin sulfation.
*: The day thawing and seeding was count as Day 0
Day 7 7.65 ± 0.41 10.6 ± 2.3 3.79 ± 0.16 2.73 ± 0.39 2.33 ± 0.33 131 ± 15 1644 ± 24 20.5 ± 0.8
Day 9 8.99 ± 0.70 11.8 ± 1.4 3.07 ± 0.10 3.02 ± 0.18 3.71 ± 0.06 222 ± 19 1827 ± 17 22.2 ± 1.3
Day 14 11.5 ± 0.8 18.1 ± 1.5 2.52 ± 0.38 4.96 ± 0.43 3.71 ± 0.34 216 ± 4 1477 ± 44 18.3 ± 0.3
Day 16 10.7 ± 0.6 21.5 ± 1.6 2.59 ± 0.29 5.19 ± 0.20 3.78 ± 0.05 234 ± 25 1287 ± 71 17.6 ± 0.8
UGT SULT
HepaRG
Cell
Time
point*
Drug-metabolizing enzyme activity (pmol·min-1·mg protein-1)
Mean䚷±䚷SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4
Day 7
x10
Day 9 Day 14
x20
Day 16
6Figure 2-3 Determination of drug-metabolizing enzymes activities at the several time points of 
differentiation duration in HepaRG cells, and the comparison of those activities in human 
hepatocyte of 3 donors
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72.2.2 ➨ 2㡯 ศ໬ࡋࡓ HepaRG⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶホ౯
2.2.1࡛ศ໬᮲௳࡜ࡋ࡚タᐃࡋࡓ᧛✀ᚋ๓ᇵ㣴 Day7ࡢ HepaRG⣽⬊ 3ࣟࢵࢺ࡟ࡘ࠸࡚㸪⸆≀௦
ㅰ㓝⣲άᛶࢆ ᐃࡋࡓ㸬ࡑࡢ⤖ᯝ㸪☜ㄆࡋࡓࡍ࡭࡚ࡢศᏊ✀࡟ࡘ࠸࡚άᛶࡀㄆࡵࡽࢀ㸪Ḟᦆࡋ࡚
࠸ࡿࡶࡢࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ㸬άᛶ್ࡢࣟࢵࢺ㛫ᕪࡶ᭱኱࡛ࡶ CYP2B6㸪CYP2C19࡟࠾ࡅࡿ⣙ 5
ಸ⛬ᗘ࡛࠶ࡾ㸪኱ࡁ࡞ࣟࢵࢺ㛫ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ㸦Table 2-2㸧㸬
Table 2-2  Drug-metabolizing enzymes activities in the differentiated HepaRG cells
CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac 
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase, UGT: 7-hydroxycoumarin glucronidation,
SULT: 7-hydroxycoumarin sulfation.
2.3 ➨ 3⠇ ࣄࢺ⫢ࡀࢇ⏤᮶⣽⬊ HepG2⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶホ౯
ศ໬ᚋࡢ HepaRG⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶ࡜ẚ㍑ࡍࡿࡓࡵ㸪ࣄࢺ⫢ࡀࢇ⏤᮶⣽⬊ HepG2⣽⬊ࡢ
⸆≀௦ㅰ㓝⣲άᛶࢆ ᐃࡋࡓ㸬ࡑࡢ⤖ᯝ㸪☜ㄆࡋࡓ࡯࡜ࢇ࡝ࡢ⸆≀௦ㅰ㓝⣲άᛶ࡟ࡘ࠸᳨࡚ฟୗ
㝈௨ୗ࡛࠶ࡗࡓ㸬࡯࡜ࢇ࡝άᛶ್ࡢㄆࡵࡽࢀ࡞࠿ࡗࡓ Phase I㓝⣲࡜ẚ㍑ࡋ㸪Phase II㓝⣲࡛࠶ࡿ㸪
UGT㸪SULT࡟㛵ࡋ࡚ࡣάᛶ್ࡀㄆࡵࡽࢀ㸪ࡇࢀࡽࡢࣉࣟࣇ࢓࢖ࣝࡣ㐣ཤࡢሗ࿌㸦Wilkening et al., 
2003㸧࡟ࡼࡿⓎ⌧㔞࡜ྠᵝࡢࣉࣟࣇ࢓࢖࡛ࣝ࠶ࡗࡓ㸦Table 2-3㸧㸬
Table 2-3 Drug-metabolizing enzymes activities in the HepG2 cells
CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac 
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase,
CYP3A4: Midazolam 1'-hydroxylase, UGT: 7-hydroxycoumarin glucronidation, SULT: 
7-hydroxycoumarin sulfation.
ND: Not detected
HepG2 0.0150 ± 0.0101 0.225 ± 0.047 33.7 ± 5.1 20.8 ± 4.8ND ND ND ND
Cell
Drug metabolizing enzyme activity (pmol·min-1·mg protein-1)
Mean䚷±䚷SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 UGT SULT
HPR116062 7.65 ± 0.41 10.6 ± 2.3 3.79 ± 0.16 2.73 ± 0.39 2.33 ± 0.33 131 ± 15 1644 ± 24 20.5 ± 0.8
HPR116150 8.33 ± 1.23 34.4 ± 2.8 19.4 ± 4.9 6.21 ± 0.31 3.34 ± 0.48 114 ± 20 1962 ± 121 61.4 ± 2.3
HPR116169 10.2 ± 1.9 50.7 ± 3.9 12.5 ± 2.8 10.3 ± 0.9 2.21 ± 0.39 69.6 ± 11.9 2254 ± 253 61.8 ± 7.5
HepaRG
UGT SULT
Cell Lot No.
Drug metabolizing enzyme activity (pmol·min-1·mg protein-1)
Mean䚷±䚷SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4
82.4 ➨ 4⠇ ࣄࢺ෾⤖⫢⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶホ౯
ศ໬ᚋࡢ HepaRG⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶ࡜ẚ㍑ࡍࡿࡓࡵ㸪ࣄࢺ⫢⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶࢆ
 ᐃࡋࡓ㸬ࣄࢺ⫢⣽⬊࡜ࡋ࡚㸪ಶయูࡢࣄࢺ෾⤖⫢⣽⬊㸦Cryopreserved Human Hepatocyte㸪Plateable, 
BioreclamationIVT♫㸧ࢆ 3ࣟࢵࢺ㸦3ࢻࢼ࣮㸧౑⏝ࡋࡓ㸬෾⤖⫢⣽⬊ࢆ᧛✀㸪୍ᬌ᥋╔ᚋ㸪⸆≀
௦ㅰ㓝⣲άᛶࢆ ᐃࡋࡓ㸬෾⤖⫢⣽⬊ࡣ㸪⼥ゎ࣭᧛✀┤ᚋࡣ᭱ࡶ⸆≀௦ㅰ㓝⣲άᛶࡀ㧗ࡃ㸪᧛✀
ᚋ᫬㛫⤒㐣࡟క࠸㸪άᛶ್ࡀపୗࡍࡿࡇ࡜ࡀ୍⯡ⓗ࡟▱ࡽࢀ࡚࠸ࡿࡀ㸪ᮏ ᐃ࡛ࡣ㸪෾⤖⫢⣽⬊
ࢆ⏝࠸ࡓ⣽⬊ẘᛶホ౯ࡢ࢔ࢵࢭ࢖ࢹࢨ࢖ࣥ࡜ྜࢃࡏ㸪᧛✀୍࣭ᬌ᥋╔ᚋ㸪⸆≀᭚㟢ࢆ㛤ጞࡍࡿࢱ
࢖࣑ࣥࢢ࡛άᛶࢆホ౯ࡋࡓ㸬ࡑࡢ⤖ᯝ㸪᧛✀୍ᬌ᥋╔ᚋࡶ⸆≀௦ㅰ㓝⣲άᛶࡣㄆࡵࡽࢀࡓࡀ㸪ࣟ
ࢵࢺ SHM࡟㛵ࡋ࡚ࡣ CYP2B6, CYP2C19࡟ࡘ࠸࡚ࡣ᳨ฟୗ㝈௨ୗ࡛࠶ࡗࡓ㸬ࡲࡓ CYP3A4࡟ࡘ
࠸࡚ࡶ㸪᭱ࡶάᛶࡢ㧗࠿ࡗࡓࣟࢵࢺ YEM࡜ẚ㍑ࡋ㸪⣙ 200 ಸ⛬ᗘάᛶ್ࡀప࠸࡜࠸࠺⤖ᯝ࡛࠶
ࡗࡓ㸬ࡇࡢ⤖ᯝࡣῧ௜ࡢࢹ࣮ࢱࢩ࣮ࢺ㸦Certificate of analysis㸧࡜ྠᵝࡢഴྥ࡛࠶ࡾ㸪ࢻࢼ࣮ࡢಶ
య࡟⏤᮶ࡍࡿάᛶ್ࡢᕪ࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸦Table 2-4㸧㸬
Table 2-4 Drug-metabolizing enzymes activities in the cryopreserved human hepatocytes
CYP1A2: Phenacetin-O-deethylase, CYP2B6: Bupropion hydroxylase, CYP2C9: Diclofenac 
4-hydroxylase, CYP2C19: Mephenytoin 4'-hydroxylase, CYP2D6: Bufuralol 1-hydroxylase, 
CYP3A4: Midazolam 1'-hydroxylase,UGT: 7-hydroxycoumarin glucronidation,
SULT: 7-hydroxycoumarin sulfation,
ND: Not detectable
SHM 2.06 ± 1.31 1.81 ± 0.40 0.178 ± 0.038 0.349 ± 0.132 255 ± 94 22.7 ± 6.4
CPQ 1.94 ± 0.44 1.66 ± 0.34 1.84 ± 0.33 2.49 ± 0.59 0.908 ± 0.149 33.7 ± 5.7 391 ± 76 7.12 ± 1.02
YEM 4.34 ± 1.05 2.61 ± 0.68 3.72 ± 0.65 0.788 ± 0.185 0.660 ± 0.175 72.6 ± 16.7 342 ± 62 6.24 ± 1.31
CHHs
ND ND
UGT SULT
Cell Lot No.
Drug metabolizing enzyme activity (pmol·min-1·mg protein-1)
Mean䚷±䚷SD
CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4
92.5 ➨ 5⠇ ᑠᣓ
ศ໬ࡋࡓ HepaRG⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶࡢࣉࣟࣇ࢓࢖ࣝࢆ☜ㄆࡍࡿࡓࡵ㸪HepaRG㸪HepG2㸪
ࣄࢺ෾⤖⫢⣽⬊ࡢάᛶ್ࢆ ᐃࡋ㸪ẚ㍑ࡋࡓ㸦Fig. 2-4㸧㸬ࡑࡢ⤖ᯝ㸪HepaRG⣽⬊௦ㅰ㓝⣲άᛶࡣ
ࣄࢺ෾⤖⫢⣽⬊ࡢ㓝⣲άᛶ࡜ẚ㍑ࡋ㸪☜ㄆࡋࡓࡍ࡭࡚ࡢศᏊ✀࡟ࡘ࠸࡚㸪ྠ➼௨ୖࡢάᛶ࡛࠶ࡗ
ࡓ㸬ࡇࡢࡇ࡜ࡣࣄࢺึ௦⫢⣽⬊࡜άᛶࢆẚ㍑ࡋࡓ㐣ཤࡢሗ࿌࡜ࡶ୍⮴ࡋ࡚࠸ࡿ㸦Lübberstedt et al., 
2011㸧㸬ࡲࡓࣄࢺ෾⤖⫢⣽⬊ࡣศᏊ✀࡟ࡼࡗ࡚ࡣάᛶࡀⴭࡋࡃప࠸㸪ࡲࡓࡣ᳨ฟୗ㝈௨ୗࡢࣟࢵ
ࢺࡀㄆࡵࡽࢀࡓࡀ㸪HepaRG ⣽⬊ࡣ☜ㄆࡋࡓศᏊ✀ࡢࡍ࡭࡚࡟ࡘ࠸࡚άᛶ್ࢆಖᣢࡋ࡚࠾ࡾ㸪௒
ᅇ☜ㄆࡋࡓ 3 ࣟࢵࢺ࡟ࡘ࠸࡚ࡔࡅ࡛ࡶ㸪ࣟࢵࢺ㛫࡛άᛶ್࡟ࡘ࠸࡚᭱኱ 200 ಸ㸦CYP3A4㸧⛬ᗘ
ࡢᕪࡀㄆࡵࡽࢀࡓࡢ࡟ᑐࡋ࡚㸪HepaRG⣽⬊ࡣࣟࢵࢺ㛫ᕪࡀ᭱኱࡛ࡶ 5ಸ⛬ᗘ㸦CYP2B6, CYP2C19㸧
࡛࠶ࡗࡓ㸬⸆≀௦ㅰ㓝⣲άᛶࡢࣟࢵࢺ㛫ᕪࡀẚ㍑ⓗᑡ࡞ࡃ㸪⫢⣽⬊ホ౯⣔࡜ࡋ࡚Ᏻᐃࡋࡓ௦ㅰ㓝
⣲άᛶࢆಖ᭷ࡋ࡚࠸ࡓ㸬
HepaRG⣽⬊ࡢ CYP2D6ࡢάᛶ࡟ࡘ࠸࡚ࡣ㸪ሗ࿌࡟࠶ࡿࡼ࠺࡟㸪ࢻࢼ࣮ࡢಶయ࡟⏤᮶ࡍࡿ poor 
metabolizer࡛࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡀ㸦Gripon et al., 2002; Guillouzo et al., 2007㸧㸪௒ᅇࡢHepaRG
⣽⬊ࡢάᛶ ᐃࡢ⤖ᯝ࡛ࡣ CYP2D6ࡢᇶ㉁࡛࠶ࡿ Bufuralolࡢ௦ㅰ≀࡛࠶ࡿ 1-hydroxybufuralolࡢ
⏕ᡂࡣㄆࡵࡽࢀ㸪άᛶ್ࡣࣄࢺ෾⤖⫢⣽⬊࡜ྠ➼࡛ࣞ࣋ࣝ࠶ࡗࡓ㸬௒ᅇࡢ ᐃࡢ⤖ᯝࢆ⣽⬊ᩘ⿵
ṇࡋࡓ⤖ᯝࡣ 0.514 – 1.03 pmol/min/106cells㸦ᇶ㉁⃰ᗘ㸸5 Pmol/L bufuralol㸧࡛࠶ࡗࡓ㸬ྠࡌᇶ㉁
ࢆ⏝࠸ࡓሗ࿌࡛ࡣ⣙ 3.0 pmol/min/106cells㸦ᇶ㉁⃰ᗘ㸸25 Pmol/L bufuralol㸧࡜࠸࠺⤖ᯝ࡛࠶ࡾ
㸦Lübberstedt et al., 2011㸧㸪ᇶ㉁⃰ᗘࡢ㐪࠸ࢆ⪃៖ࡍࡿ࡜㸪௒ᅇࡢ HepaRG⣽⬊ࡢ⤖ᯝࡣᙜヱሗ࿌
࡜ྠ➼ࣞ࣋ࣝࡢάᛶ࡛࠶ࡿ࡜ᛮࢃࢀࡿ㸬ࡲࡓྠሗ࿌࡛ࡣ☜ㄆࡋࡓࣄࢺึ௦⫢⣽⬊࡜ HepaRG⣽⬊
ࡢ BufuralolỈ㓟໬άᛶࡣྠ➼࡛ࣞ࣋ࣝ࠶ࡗࡓ࡜ሗ࿌ࡋ࡚࠸ࡿ㸬
HepG2⣽⬊࡟ࡘ࠸࡚ ᐃࡋࡓ௦ㅰ㓝⣲άᛶࡢ⤖ᯝ࠿ࡽࡣ㸪᪤ሗࡢ㏻ࡾ㸦Wilkening et al., 2003;
Westerink et al., 2007 (a); Westerink et al., 2007 (b)㸧㸪SULTࡢάᛶ࡟ࡘ࠸࡚ࡣ㸪ࣄࢺ෾⤖⫢⣽⬊࡜ྠ➼
ࣞ࣋ࣝࡢάᛶࢆಖ᭷ࡋ࡚࠸ࡓࡀ㸪࡯࡜ࢇ࡝ࡢศᏊ✀ࡢ⸆≀௦ㅰ㓝⣲࡟ࡘ࠸࡚ࡣࣄࢺ෾⤖⫢⣽⬊࡟
ẚ㍑ࡋ㸪άᛶࡀⴭࡋࡃప࠸ࡲࡓࡣ㸪᳨ฟୗ㝈௨ୗ࡛࠶ࡗࡓ㸬HepG2࡟ẚ࡭࡚ HepaRG⣽⬊ࡢ⸆≀
௦ㅰ㓝⣲άᛶࡣ༑ศ࡟㧗ࡃ㸪HepaRG ⣽⬊ࡣ⫢⮚ࡢ≉ᚩⓗ࡞ᶵ⬟࡛࠶ࡿ⸆≀௦ㅰ㓝⣲άᛶࢆ༑ศ
࡟ಖ᭷ࡋ࡚࠸ࡿ⫢ᰴ໬⣽⬊࡜ࡋ࡚ HepG2ࡼࡾ᭷⏝࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬
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Figure 2-4 Comparison of drug metabolizing enzyme activities in HepG2 cells, cryopreserved 
human hepatocytes, and HepaRG cells.
Three different lots of CHHs (Lot. SHM, CPQ, and YEM) and HepaRG cells (Lot. HPR116062, 
HPR116150, and HPR116169) were examined. Results of HepG2 cell analysis: gray bars are means r
standard deviation (S.D., n  8). Results of CHHs: black bars are means r S.D.; Lot. SHM: n 6, CPQ: n 3,
YEM: n 6. Results of HepaRG cells: white bars are means ± S.D., Lot. HPR116062, n 3; HPR116150, 
n 6; HPR116169: n 5. ND: Not detectable
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3. ➨ 3❶ ⫢ẘᛶ≀㉁ࢆ⏝࠸ࡓ⣽⬊ẘᛶホ౯
3.1 ➨ 1⠇ ⥴ゝ
ศ໬ࡋࡓ HepaRG⣽⬊ࡣࣄࢺ⫢⣽⬊࡜ྠ➼ࣞ࣋ࣝࡢ⸆≀௦ㅰ⬟ࢆಖ᭷ࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓ
ࡀ㸪ࡇࡢ HepaRG⣽⬊ࡀ⫢ẘᛶ≀㉁ࡢ⫢㞀ᐖᛶࢆホ౯ࡍࡿࣄࢺ⫢⣽⬊ホ౯⣔࡜ࡋ࡚᭷⏝࡛࠶ࡿ࠿
ࢆ᳨ウࡍࡿࡓࡵ㸪5 ࡘࡢ௦⾲ⓗ࡞⫢ẘᛶ≀㉁ࢆ⏝࠸࡚⣽⬊ẘᛶࡢホ౯ࢆ⾜࠸㸪ࡑࡢ⣽⬊㞀ᐖᛶࢆ
ࣄࢺ෾⤖⫢⣽⬊࡜ẚ㍑ࡋࡓ㸬⫢ẘᛶ≀㉁࡜ࡋ࡚⏝࠸ࡓ 5 ࡘࡢ໬ྜ≀㸦Aflatoxin B1㸪
Cyclophosphamide㸪Acetaminophen㸪Troglitazone㸪Tamoxifen㸧ࡣ㸪CYP ࡟ࡼࡿ௦ㅰⓗάᛶ໬࡟ࡼ
ࡗ࡚ẘᛶⓎ⌧ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸬
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3.2 ➨ 2⠇ ࣄࢺ෾⤖⫢⣽⬊ࢆ⏝࠸ࡓ⣽⬊ẘᛶホ౯
ศ໬ࡋࡓ HepaRG⣽⬊ࡣࣄࢺ⫢⣽⬊࡜ྠ➼ࣞ࣋ࣝࡢ⸆≀௦ㅰ⬟ࢆಖ᭷ࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓ
ࡀ㸪ࡇࡢ HepaRG⣽⬊ࡀ⫢ẘᛶ≀㉁ࡢ⫢㞀ᐖᛶࢆホ౯ࡍࡿࣄࢺ⫢⣽⬊ホ౯⣔࡜ࡋ࡚᭷⏝࡛࠶ࡿ࠿
ࢆ᳨ウࡍࡿࡓࡵ㸪ࣄࢺ෾⤖⫢⣽⬊ࢆ⏝࠸࡚⫢ẘᛶ≀㉁࡟ࡼࡿ⣽⬊ẘᛶホ౯ࢆ⾜ࡗࡓ㸬ࣄࢺ෾⤖⫢
⣽⬊ࡣ➨ 2 ❶㸪➨ 4 ⠇࡛⸆≀௦ㅰ㓝⣲άᛶࢆホ౯ࡋࡓࣄࢺ෾⤖⫢⣽⬊㸦Cryopreserved Human 
Hepatocyte㸪Plateable, BioreclamationIVT ♫㸧ࢆ 3ࣟࢵࢺ㸦3ࢻࢼ࣮㸧౑⏝ࡋࡓ㸬໬ྜ≀ࢆ᭚㟢ࡋ
48᫬㛫ᚋ࡟⣽⬊㞀ᐖᛶࢆホ౯ࡋࡓ㸬⣽⬊㞀ᐖᛶࡢホ౯࡟ࡣ ATP࢔ࢵࢭ࢖㸦CellTiter-GloTM㸪Promega㸧
ࢆ⏝࠸ࡓ㸬
ࡑࡢ⤖ᯝࢆ Table 3-1࡟♧ࡍ㸬AFB1㸪CPA㸪TAM࡟ࡘ࠸࡚ࡣ࡝ࡢࣟࢵࢺࡢ෾⤖⫢⣽⬊࡟ᑐࡋ࡚
ࡶ⃰ᗘ౫Ꮡⓗ࡞⣽⬊㞀ᐖᛶࡀㄆࡵࡽࢀࡓ㸬APAP࡟ࡘ࠸࡚ࡣ㸪ࣟࢵࢺ CPQ࡟ࡘ࠸࡚ࡢࡳ㸪᭱㧗⃰
ᗘࡢ 10000 Pmol/L࡟࠾࠸࡚⣽⬊㞀ᐖᛶࡀࢃࡎ࠿࡟☜ㄆࡉࢀࡓࡀ㸦Cell viability: 91.6%㸧㸪2ࣟࢵࢺ
࡟ࡘ࠸࡚ࡣ௒ᅇホ౯ࡋࡓ᭱㧗⃰ᗘࡲ࡛⣽⬊㞀ᐖᛶࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ㸬TGZ࡟ࡘ࠸࡚ࡣ㸪3ࣟࢵ
ࢺ࡜ࡶ௒ᅇホ౯ࡋࡓ᭱㧗⃰ᗘ 100 Pmol/Lࡲ࡛⣽⬊㞀ᐖᛶࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ㸬
Table 3-1 Results of cytotoxicity assays of five hepatotoxicants in
cryopreserved human hepatocytes
AFB1: Aflatoxin B1, CPA: Cyclophosphamide, APAP: Acetaminophen, TAM: Tamoxifen, TGZ: Troglitazone,
Conc.: Concentration
IC50 IC50 IC50
(Pmol/L) Mean S.D. (Pmol/L) Mean S.D. (Pmol/L) Mean S.D. (Pmol/L)
0 100.0 2.6 100.0 2.4 100.0 2.4
0.2 117.5 2.8 - - - -
0.6 122.7 3.4 112.7 1.5 107.9 2.3
2 120.0 3.7 118.7 1.1 89.1 2.6
6 85.3 2.6 82.7 2.5 38.1 1.5
20 18.4 1.1 59.4 3.3 6.2 0.7
0 100.0 2.0 100.0 1.0 100.0 1.3
250 100.1 2.1 - - - -
750 101.3 1.9 96.9 0.4 101.3 1.8
2,500 105.3 0.8 98.0 1.8 99.4 1.0
7,500 107.7 1.9 94.9 1.4 93.5 2.7
25,000 79.8 1.1 91.2 1.8 50.4 2.0
0 100.0 3.4 100.0 2.4 100.0 2.2
100 100.6 3.2 - - - -
300 102.1 2.2 94.6 3.0 101.8 2.9
1,000 102.0 1.3 94.1 4.0 99.2 2.6
3,000 103.5 1.2 90.1 4.9 94.9 3.5
10,000 98.6 0.8 91.6 0.2 104.9 9.8
0 100.0 3.5 100.0 1.6 100.0 4.3
1 100.5 1.0 - - - -
3 100.4 1.4 103.2 3.3 107.0 2.1
10 98.8 2.8 103.8 4.2 107.8 1.0
30 95.0 1.6 102.9 2.1 102.8 3.9
100 96.4 0.8 99.1 1.3 98.0 2.6
0 100.0 3.1 100.0 0.8 100.0 0.3
1 100.0 1.6 - - - -
3 100.4 1.0 94.3 1.5 100.6 2.1
10 96.5 2.9 86.3 1.9 97.0 2.5
30 67.5 3.7 73.8 3.9 81.8 2.3
100 0.2 0.0 0.3 0.0 0.2 0.0
AFB1
CPA
APAP
TGZ
TAM
Cell viability
(% of control)
Lot. SHM
Compound
Conc.
Lot. CPQ
Cell viability
(% of control)
7.8
Cell viability
(% of control)
>25,000
>10,000
>100
40.3
䍦20
>25,000
>10,000
>100
54.4
4.7
䍦25,000
>10,000
>100
60.9
Lot. YEM
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3.3 ➨ 3⠇ HepaRG⣽⬊ࢆ⏝࠸ࡓ⣽⬊ẘᛶホ౯
➨ 3❶㸪➨ 2⠇࡛ࣄࢺ⫢⣽⬊࡬ࡢ 5✀ࡢ⫢ẘᛶ≀㉁ࡢ⣽⬊ẘᛶࢆホ౯ࡋࡓࡀ㸪ྠᵝࡢ⫢ẘᛶ≀
㉁ࡢ HepaRG ⣽⬊࡟ᑐࡍࡿ⣽⬊ẘᛶࢆホ౯ࡋࡓ㸬ศ໬ࡋࡓ HepaRG ⣽⬊࡟⫢ẘᛶ≀㉁㸦AFB1㸪
CPA㸪APAP㸪TGZ㸪TAM㸧ࢆ᭚㟢ࡋ㸪48 ᫬㛫ᚋ࡟⣽⬊㞀ᐖᛶࢆホ౯ࡋࡓ㸬⣽⬊㞀ᐖᛶࡢᣦᶆ࡟
ࡣ ATP࢔ࢵࢭ࢖ࢆ⏝࠸ࡓ㸬౑⏝ࡋࡓࣟࢵࢺࡣ⸆≀௦ㅰάᛶࡀ࡝ࡢࣟࢵࢺࡶྠ➼࡛ࣞ࣋ࣝ࠶ࡗࡓࡢ
࡛㸪௵ពࡢ 1ࣟࢵࢺ㸦HPR116150㸧ࢆ౑⏝ࡋࡓ㸬
ࡑࡢ⤖ᯝࢆ Table 3-2࡟♧ࡍ㸬ࡍ࡭࡚ࡢ໬ྜ≀࡟ࡘ࠸࡚⃰ᗘ౫Ꮡⓗ࡟⣽⬊㞀ᐖᛶࡀ☜ㄆࡉࢀࡓ㸬
⣽⬊ẘᛶࡢ IC50ࡀ⟬ฟࡉࢀࡓ໬ྜ≀ࡀ AFB1㸦IC50=5.0 Pmol/L㸧㸪TGZ㸦IC50=80.0 Pmol/L㸧㸪TAM
㸦IC50=15.8 Pmol/L㸧࡛ ࠶ࡾ㸪CPA࡜ APAP࡟ࡘ࠸࡚ࡣ IC50ࡀ⟬ฟࡉࢀ࡞࠿ࡗࡓࡀ㸪᭱ 㧗⃰ᗘࡢ⣽
⬊ẘᛶࡀࡑࢀࡒࢀ CPA࡟ࡘ࠸࡚ࡣ 25000 Pmol/L࡛ 56.7%㸪APAP࡟ࡘ࠸࡚ 10000 Pmol/L࡛ 75.4%
࡛࠶ࡾ⣽⬊㞀ᐖᛶࡀ☜ㄆࡉࢀࡓ㸬
Table 3-2 Results of cytotoxicity assays of five hepatotoxicants in HepaRG Cells
AFB1: Aflatoxin B1, CPA: Cyclophosphamide, APAP: Acetaminophen, TAM: Tamoxifen, TGZ: Troglitazone,
Conc.: Concentration.
IC50
(Pmol/L) Mean S.D. (Pmol/L)
0 100.0 2.3
0.2 96.7 3.3
0.6 87.3 3.9
2 76.4 3.1
6 43.7 1.1
20 10.5 0.6
0 100.0 3.4
250 99.1 1.3
750 98.9 0.6
2,500 99.3 1.6
7,500 95.9 2.4
25,000 56.7 1.1
0 100.0 1.5
100 97.4 3.2
300 97.7 2.6
1,000 96.1 3.6
3,000 95.8 4.6
10,000 75.4 2.0
0 100.0 1.6
1 98.8 1.6
3 98.7 1.3
10 98.1 2.1
30 96.4 1.0
100 0.3 0.0
0 100.0 3.1
1 100.5 0.4
3 98.0 0.5
10 98.0 1.1
30 0.3 0.0
100 0.1 0.0
AFB1
CPA
Compound
APAP
TGZ
TAM
Conc.
5.0
䍦25,000
>10,000
80.0
15.8
Lot. HPR116150
Cell viability
(% of control)
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3.4 ➨ 4⠇ ᑠᣓ
HepaRG ⣽⬊ࡢ⫢ẘᛶホ౯⣔࡜ࡋ࡚ࡢ᭷⏝ᛶࢆ☜ㄆࡍࡿࡓࡵ㸪௦ㅰⓗάᛶ໬࡟ࡼࡾẘᛶࢆⓎ⌧
ࡍࡿࡇ࡜ࡀ▱ࡽࢀࡿ 5 ✀ࡢ⫢ẘᛶ≀㉁࡟ࡘ࠸࡚㸪HepaRG ⣽⬊ࢆ⏝࠸࡚⣽⬊ẘᛶࢆホ౯ࡋ㸪ࣄࢺ
෾⤖⫢⣽⬊ࡢẘᛶࡢឤཷᛶ࡜ẚ㍑ࡋࡓ㸦Fig. 3㸧㸬ࡑࡢ⤖ᯝ㸪AFB1࡟ࡘ࠸࡚ࡣ HepaRG⣽⬊ IC50=5.0 
Pmol/L㸪ࣄࢺ෾⤖⫢⣽⬊㸦3ࣟࢵࢺ㸧࡛ࡣ IC50=4.7 Pmol/L㹼⣙ 20 Pmol/L࡜ࣄࢺ෾⤖⫢⣽⬊ࡢឤ
ཷᛶ࡜࡯ࡰྠ➼࡛࠶ࡗࡓ㸬ࣄࢺ෾⤖⫢⣽⬊ࡢ୰࡛᭱ࡶ AFB1 ࡬ࡢឤཷᛶࡀ㧗࠿ࡗࡓࣟࢵࢺ YEM
ࡣ AFB1ࡢẘᛶ࡟㛵ಀࡍࡿࡇ࡜࡛▱ࡽࢀࡿ௦ㅰ≀ AFB1-8,9-epoxideయࡢ⏕ᡂ࡟㛵୚ࡍࡿ௦ㅰ㓝⣲
CYP1A2, CYP3A4ࡢάᛶࡀ᭱ࡶ㧗࠸ࣟࢵࢺ࡛࠶ࡾ㸪HepaRG⣽⬊ࡶྠ➼ࡢ௦ㅰάᛶ࡛࠶ࡾ㸪⣽⬊
ẘᛶࡢឤཷᛶࡶ᭱ࡶ㏆ࡋ࠿ࡗࡓ㸬CPAࡶ᭱ࡶ௦ㅰάᛶࡀ㧗࠿ࡗࡓࣟࢵࢺYEM࡛⣽⬊ẘᛶࡀ㧗ࡃ㸪
HepaRG ⣽⬊࡜᭱ࡶ⣽⬊ẘᛶࡢឤཷᛶࡀ㏆ࡋ࠿ࡗࡓ㸬᭱ࡶࣄࢺ෾⤖⫢⣽⬊࡜ HepaRG ⣽⬊࡛ឤཷ
ᛶࡀ␗࡞ࡗࡓࡢࡣ TGZ ࡬ࡢឤཷᛶࡢ㐪࠸࡛࠶ࡾ㸪ࣄࢺ෾⤖⫢⣽⬊࡛ࡣ 3 ࣟࢵࢺ࡜ࡶ᭱㧗⃰ᗘࡢ
100 Pmol/L ࡛⣽⬊㞀ᐖᛶࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࡢ࡟ᑐࡋ࡚㸪HepaRG ⣽⬊࡛ࡣ 100 Pmol/L ࡛ Cell 
viability 0.3%࡜࡯࡜ࢇ࡝Ṛ⁛ࡋ࡚࠸ࡿ࡜࠸࠺⤖ᯝ࡛࠶ࡗࡓ㸦IC50=80 Pmol/L㸧㸬ࡇࡢ⤖ᯝࡣ෌⌧ᛶ
ࢆ☜ㄆࡋ࡚ࡶྠᵝࡢ⤖ᯝ࡜࡞ࡾ㸪ࡇࡢ⤖ᯝࡢ㐪࠸࡟ࡘ࠸࡚ヲ⣽ࡢ᳨ウࡣᮍᐇ᪋࡛ࡣ࠶ࡿࡀ㸪
HepaRG⣽⬊ࡣ SULTࡢ௦ㅰάᛶࡀ㧗ࡃ㸪TGZࡣẘᛶⓎ⌧࡟㸪CYP࡟ࡼࡿ௦ㅰάᛶ໬ࡢࡳ࡞ࡽࡎ㸪
◲㓟ᢪྜయࡢ⣽⬊ẘᛶࡶ▱ࡽࢀࡿࡓࡵ㸦Funk et al., 2001; Saha et al., 2010㸧㸪ࡑࡢᙳ㡪ࡢྍ⬟ᛶࡶ
♧၀ࡉࢀࡓ㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ㸪☜ㄆࡋࡓ 5ࡘࡢ⫢ẘᛶ≀㉁࡟ࡘ࠸࡚ HepaRG⣽⬊ࡣࣄࢺ෾⤖⫢
࡜ྠ➼௨ୖࡢ⣽⬊ẘᛶࡢឤཷᛶࢆ᭷ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬
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Figure 3 Cytotoxicity of hepatotoxicants in cryopreserved human hepatocytes and HepaRG
cells.
Comparative cytotoxic effects of AFB1, CPA, APAP, TGZ, and TAM on cryopreserved human 
hepatocytes (CHHs) and HepaRG cells. Results of CHHs are open symbols (Lot. SHM, Lot. CPQ, Lot. 
YEM). Results of CHHs are closed symbols (Lot. HPR116150). CHHs and HepaRG cells were exposed to 
test compounds for 48 h. Cell viability was evaluated using CellTiter-GloTM luminescent cell viability 
assay. Results are normalized to control cells levels and expressed as means r standard deviation (S.D., 
n 3 cultures). The Figure 3 shows the summarized results of Table 3-1 and Table 3-2.
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4. ➨ 4❶ ⫢ẘᛶ≀㉁ࢆ⏝࠸ࡓ⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒ
4.1 ➨ 1⠇ ⥴ゝ
⫢ẘᛶࡢẘᛶⓎ⌧ࡢᶵᗎゎ᫂ࡢᡭἲࡢ୍ࡘ࡜ࡋ࡚⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒ࡞࡝ࡢᡭἲࡀ⏝࠸
ࡽࢀࡿ㸬໬ྜ≀ࢆ᭚㟢ࡍࡿࡇ࡜࡟ࡼࡾኚືࡍࡿ㑇ఏᏊࢆ⥙⨶ⓗ࡟ゎᯒࡋ㸪up-regulate ཪࡣ
down-regulateࡋ࡚࠸ࡿ㑇ఏᏊࢆᢳฟࡋ㸪άᛶ໬ཪࡣᢚไࡉࢀ࡚࠸ࡿ㑇ఏᏊ⩌࣭ࣃࢫ࢙࢘࢖ࢆゎᯒ
ࡋ㸪ẘᛶⓎ⌧࡟㛵ಀࡋ࡚࠸ࡿ࣓࢝ࢽࢬ࣒ࢆ᥎ᐃࡍࡿᡭἲ࡛࠶ࡿ㸬ࡇࡢࡼ࠺࡞ᡭἲ࡛⫢ẘᛶⓎ⌧ᶵ
ᗎゎᯒࢆ in vitroࡢヨ㦂⣔࡛⾜࠺ሙྜ㸪᭷⏝࡞⫢⣽⬊ࣔࢹࣝヨ㦂⣔ࡀᚲせ࡜࡞ࡿ㸬ࡇࢀࡲ࡛ HepG2
࡞࡝ࡢᰴ໬ࡉࢀࡓ⫢ࡀࢇ⣽⬊ࡣࣟࢵࢺ㛫ᕪ➼ࢆ⪃៖ࡍࡿᚲせࡀ࡞ࡃỗ⏝ᛶ㧗ࡃ⏝࠸ࡽࢀ࡚ࡁࡓ
ࡀ㸪⸆≀௦ㅰ⬟ࡀపࡃ㸪⫢⮚ࡢ௦ㅰࢆ཯ᫎࡉࢀࡓ⣔࡜ࡋ࡚୙༑ศ࡛࠶ࡿ㸬ࡑࡇ࡛ᮏ❶࡛ࡣ HepaRG
⣽⬊ࡀ⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒࡢᡭἲࢆ⏝࠸࡚㸪⫢ẘᛶ≀㉁ࡢ࣓࢝ࢽࢬ࣒ゎᯒ࡟౑⏝ࡍࡿࡇ࡜
ࡀ࡛ࡁࡿホ౯⣔࡛࠶ࡿ࠿ࡢ᳨ウࢆ⾜ࡗࡓ㸬⫢ẘᛶ≀㉁࡜ࡋ࡚⣽⬊ẘᛶホ౯ࢆ⾜ࡗࡓ໬ྜ≀ࡢ࠺ࡕ㸪
CYP1A2, CYP3A4 ➼࡟ࡼࡾ௦ㅰࡉࢀ⏕ᡂࡍࡿ epoxideయࡀẘᛶࢆ♧ࡍ AFB1㸪CYP2B6, CYP3A4
➼࡟ࡼࡾ⏕ᡂࡍࡿ 4-hydroxyయࡀ㸪acrolen࡞࡝ࡢࡼࡾ⣽⬊㞀ᐖᛶࡢ࠶ࡿ௦ㅰ≀ࡀ⏕ᡂࡍࡿࡇ࡜ࡀ
▱ࡽࢀ࡚࠸ࡿ CPAࢆホ౯໬ྜ≀࡜ࡋ࡚౑⏝ࡋࡓ㸦Fig. 4-1㸧㸬
Figure 4-1 Metabolic pathway of aflatoxin B1 and cyclophosphamide and the toxic metabolites
Aflatoxin B1-exo -8,9-epoxideAflatoxin B1
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4.2 ➨ 2⠇ HepaRG⣽⬊ཬࡧ HepG2⣽⬊ࢆ⏝࠸ࡓ㑇ఏᏊⓎ⌧ゎᯒ
ศ໬ࡉࡏࡓ HepaRG⣽⬊ཬࡧ㸪⫢ẘᛶ≀㉁ AFB1ཪࡣ CPAࢆ 24᫬㛫᭚㟢ᚋ㸪⣽⬊ࢆᅇ཰ࡋ RNA
ᢳฟ㸪GeneChip® Human Genome U133 Plus 2.0 Arrayࢆ⏝࠸࡚⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒࢆᐇ᪋ࡋ
ࡓ㸬ᑐ↷࡜ࡋ࡚㸪HepG2⣽⬊ࢆ⏝࠸ࡓ㸬᧛✀ᚋ୍ᬌ᥋╔ࡉࡏࡓ HepG2⣽⬊࡟ AFB1ཪࡣ CPAࢆ
24᫬㛫᭚㟢ᚋ㸪ྠᵝࡢ᪉ἲ࡛⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒࢆᐇ᪋ࡋࡓ㸬54675 probe setࡢ㑇ఏᏊࢆ
ᑐ㇟࡜ࡋࡓࡀ㸪໬ྜ≀㉳ᅉࡢኚື㑇ఏᏊᩘࢆ Table 4-1࡟♧ࡍ㸬⥆࠸࡚ AFB1ཬࡧ CPAࡢẘᛶⓎ
⌧࡟㛵ࢃࡿࡇ࡜࡛▱ࡽࢀࡿ p53㛵㐃㑇ఏᏊ࡟ࡘ࠸࡚ᢳฟࡋ㸪໬ྜ≀᭚㟢࡟ࡼࡿኚື⤖ᯝࢆ Spotfire 
DecisionSite 9.1.1㸦TIBCO Software㸧ࢆ⏝࠸࡚㝵ᒙⓗࢡࣛࢫࢱࣜࣥࢢゎᯒࢆ⾜࠸㸪⤖ᯝࢆࣄ࣮ࢺ࣐
ࢵࣉ࡛♧ࡋࡓ㸦Fig.4-2㸧㸬
ࡑࡢ⤖ᯝ㸪AFB1ཪࡣ CPAฎ⌮࡟ࡼࡿ Control⩌࡟ᑐࡍࡿኚື㑇ఏᏊᩘࡣ㸪2ಸࡲࡓࡣ 0.5ಸࢆ
threshold࡜ࡋࡓሙྜHepG2⣽⬊࡜ẚ㍑ࡋ࡚ࡼࡾከࡃࡢ㑇ఏᏊࡀHepaRG⣽⬊࡟࠾࠸࡚ኚືࡋ࡚࠸
ࡓ㸬AFB1㸦 ȝmol/L㸧ฎ⌮࡟ࡘ࠸࡚ࡣ㸪2329ಶࡢ㑇ఏᏊࡀ fold-change t2ࡢኚື㸪1403ಶࡢ
㑇ఏᏊࡀ fold-change 0.5 ࡢኚືࢆ HepaRG ⣽⬊࡛♧ࡋࡓ㸬HepG2 ⣽⬊࡛ࡣ㸪ྠ୍⃰ᗘࡢ AFB1
ࡢฎ⌮࡟࠾࠸࡚㸪320ಶࡢ㑇ఏᏊࡀ fold-changet 2ࡢኚື㸪319ಶࡢ㑇ఏᏊࡀ fold-change 0.5ࡢኚ
ືࢆ♧ࡋࡓ㸬CPA㸦10 mmol/L㸧ฎ⌮࡟ࡘ࠸࡚ࡣ㸪4424ಶࡢ㑇ఏᏊࡀ fold-change t2ࡢኚື㸪2275
ಶࡢ㑇ఏᏊࡀ fold-change 0.5ࡢኚືࢆ HepaRG⣽⬊࡛♧ࡋࡓ㸬HepG2⣽⬊࡛ࡣ㸪ྠ ୍⃰ᗘࡢ CPA
ࡢฎ⌮࡟࠾࠸࡚㸪429ಶࡢ㑇ఏᏊࡀ fold-change t2ࡢኚື㸪518ಶࡢ㑇ఏᏊࡀ fold-change 0.5ࡢኚ
ືࢆ♧ࡋࡓ㸬p53㛵㐃㑇ఏᏊ࡟ࡘ࠸࡚ᢳฟࡋ࡚ゎᯒࡋࡓ⤖ᯝ࡟࠾࠸࡚ࡶ㸪AFB1㸪CPAඹ࡟ HepaRG
࡟࠾࠸࡚㸪HepG2࡜ẚ㍑ࡋࡼࡾከࡃࡢ p53㛵㐃ࡢ㑇ఏᏊࡢኚືࡀࡼࡾప࠸⃰ᗘ࡛ㄆࡵࡽࢀࡿ࡜࠸
࠺⤖ᯝ࡛࠶ࡾ㸪AFB1 ཬࡧ CPA ࡢ᭚㟢࡟ࡼࡾ㸪HepaRG ⣽⬊࡛ࡼࡾ p53 signaling ࡢࣃࢫ࢙࢘࢖
㸦Helton et al., 2007; Lukas et al., 2004㸧ࡀάᛶ໬ࡉࢀ࡚࠸ࡓ㸬ලయⓗ࡟ኚືࡋ࡚࠸ࡿ㑇ఏᏊࡢࣉࣟ
࣮ࣈࢆ Table 4-2 ࡟ᢤ⢋ࡋࡓࡀ㸪AFB1 ฎ⌮࡟ࡼࡾ HepaRG ⣽⬊࡛ࡣ㸪G1 checkpoint ࡟㛵㐃ࡍࡿ
CDKN1A (p21)㸪GADD45㸪FBXW7ཬࡧ BTG2㸪Apoptosis signaling࡟㛵㐃ࡍࡿ BAXཬࡧ APAF1㸪
Mismatch repair 㛵㐃ࡢ MSH2 ཬࡧ PCNA㸪Global genome repair ࡟㛵ಀࡍࡿ XPC ཬࡧ DDB2㸪
Homologous recombination࡟㛵ࢃࡿ RAD51㸪p53ࡢศゎไᚚ࡟㛵ࢃࡿᢚไᅉᏊ࡛࠶ࡿ MDM2࡞࡝
ࡢ㑇ఏᏊࡀ 2 ಸ௨ୖࡢୖ᪼ࢆ♧ࡋࡓ㸬୍᪉ HepG2 ⣽⬊࡛ࡣ㸪BTG2㸪CDKN1A㸪MDM2㸪DDB2㸪
GADD45A ࡢࡳኚືࡀ☜ㄆࡉࢀࡓ㸬CPA ฎ⌮࡟ࡘ࠸࡚ࡶྠᵝࡢഴྥ࡛㸪2 ಸ௨ୖࡢୖ᪼ࡢኚືࢆ
♧ࡋࡓࡶࡢࡣ㸪HepaRG ⣽⬊࡛ࡣ BTG2㸪CDKN1A㸪FBXW7㸪GADD45A㸪XPC㸪APAF1 ࡞࡝ࡢ㑇
ఏᏊࡢኚືࡀ☜ㄆࡉࢀࡓࡀ㸪HepG2⣽⬊࡛ࡣ㸪ᢳฟࡋࡓ㑇ఏᏊࡢ࠺ࡕኚືࡢഴྥࡣㄆࡵࡽࢀࡓࡀ㸪
fold-change t2㸪0.5ࡢኚືࢆ♧ࡍ㑇ఏᏊࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ㸬
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Table 4-1 Number of up-regulated or down-regulated genes in HepG2 and HepaRG cells after
exposure to aflatoxin B1 or cyclophosphamide
Number of genes affected by AFB1 or CPA with a threshold fold-change or < 0.5 after 24 h 
treatment of HepaRG and HepG2 cells is shown. Gene probes with detection call of “P” or “M” were 
used for analysis.
Figure 4-2 Gene expression profiles in p53 signaling pathway in HepG2 and HepaRG cells 
treated with (a) aflatoxin B1 or (b) cyclophosphamide
Gene expression was visualized as a heatmap by using hierarchal clustering with Spotfire DecisionSite 
9.1.1 (TIBCO) using UPGMA method. Gene probes whose detection call was “P” or “M” were used for 
analysis
ȝ0 ȝ0 ȝ0 ȝ0 10 mM 20 mM
2 fold - 293 320 521 110 429
0.5 fold - 109 319 762 196 518
2 fold 1302 1480 2329 - 1632 4424
0.5 fold 735 1084 1403 - 1373 2275
HepG2
HepaRG
Compound AFB1 CPA
Concentration
0 1-1
log2 (fold)
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Table 4-2 Gene expression changes in p53 signaling pathway after exposure of HepG2 and 
HepaRG cells to aflatoxin B1 or cyclophosphamide
Fold-change in gene expression related to p53 signaling pathway in treatment groups relative to control 
group is shown. Red and blue values represent fold-changes t2 and <0.5, respectively. N.E., not 
evaluated, because detection call was “A” in one or more samples.
2.81 PM 5.63 PM 11.25 PM 1.41 PM 2.81 PM 5.63 PM 10 mM 20 mM 10 mM 20 mM
fold fold fold fold fold fold fold fold fold fold
204859_s_at APAF1 1.60 1.51 1.75 1.65 2.22 2.28 1.20 1.11 0.98 0.47
209903_s_at ATR 1.03 0.89 0.93 1.60 1.49 1.58 1.03 0.96 1.22 0.79
208478_s_at BAX 1.63 1.45 1.71 2.34 2.60 2.59 0.97 0.81 1.08 0.99
201236_s_at BTG2 3.37 3.54 5.28 2.89 2.92 3.18 NE NE 1.90 2.69
202284_s_at CDKN1A 4.44 5.62 8.12 3.07 3.66 3.37 1.16 1.43 2.56 3.44
203409_at DDB2 1.77 1.79 2.27 2.04 2.51 2.38 0.98 0.62 0.75 0.54
229419_at FBXW7 1.19 1.28 1.82 2.26 2.71 3.34 1.19 1.18 1.57 2.92
203725_at GADD45A 1.76 1.95 2.61 2.58 2.63 3.28 1.42 1.81 2.50 4.97
211040_x_at GTSE1 0.95 0.75 0.81 1.21 1.28 1.41 1.00 0.73 0.90 0.86
229711_s_at MDM2 1.94 2.21 2.53 2.34 3.02 3.07 1.46 1.69 1.67 1.54
202520_s_at MLH1 1.11 1.05 1.08 1.52 1.46 1.42 0.99 0.90 0.92 0.71
209421_at MSH2 0.94 0.85 0.68 2.54 2.85 3.21 1.13 0.91 NE NE
209361_s_at PCBP4 1.06 1.00 1.36 1.39 1.20 1.14 0.95 0.74 1.21 1.41
201202_at PCNA 0.99 1.25 1.11 2.33 2.51 2.59 0.99 0.93 1.48 1.21
205024_s_at RAD51 1.20 1.03 0.99 2.36 2.19 2.54 1.22 1.09 NE NE
201746_at TP53 1.05 1.01 0.99 1.67 1.63 1.57 0.97 1.07 1.15 1.35
205667_at WRN 0.72 0.82 0.53 1.26 1.01 0.98 1.30 1.43 1.22 1.59
209375_at XPC 1.28 1.49 1.69 1.88 2.24 2.88 0.93 1.11 1.70 2.58
Probe Set ID Gene
Symbol
HepG2 HepaRG HepG2 HepaRG
AFB1 AFB1 CPA CPA
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4.3 ➨ 3⠇ ᑠᣓ
ᮏ❶࡛ࡣ㸪ศ໬ࡉࡏࡓ HepaRG⣽⬊ࢆ⏝࠸࡚㸪⫢ẘᛶ≀㉁ AFB1ཪࡣ CPAࢆ᭚㟢ࡋ㸪⥙⨶ⓗ㑇
ఏᏊⓎ⌧ኚືゎᯒࢆᐇ᪋ࡋ㸪ࡑࡢ㑇ఏᏊኚືࢆ HepG2 ⣽⬊࡜ẚ㍑ࡋࡓ㸬ࡑࡢ⤖ᯝ㸪AFB1 ཬࡧ
CPAࡢ᭚㟢࡟ࡼࡾ㸪HepG2⣽⬊࡜ẚ㍑ࡋ㸪HepaRG⣽⬊࡛ࡼࡾከࡃࡢ㑇ఏᏊࡀኚືࡋ࡚࠸ࡓ㸬ࡑ
ࢀࡒࢀࡢ⫢ẘᛶⓎ⌧࣓࢝ࢽࢬ࣒࡜㛵ಀࡍࡿࡇ࡜࡛▱ࡽࢀࡿ p53 㛵㐃㑇ఏᏊ࡟ࡘ࠸࡚ࡶ㸪HepaRG
⣽⬊࡛ࡼࡾከࡃ㑇ఏᏊࡀ HepG2⣽⬊࡜ẚ㍑ࡋኚືࡋ࡚࠸ࡓ㸬AFB1ࡣ CYP1A2㸪CYP3A4࡞࡝࡛
௦ㅰⓗάᛶ໬ࢆཷࡅ࡚⏕ᡂࡍࡿ AFB1 exo-8,9 epoxide యࡀẘᛶࢆ♧ࡍࡇ࡜࡛▱ࡽࢀ࡚࠸ࡿ
㸦McLean et al., 1995; Gallagher et al., 1996㸧㸬CPAࡣ CYP2B6㸪CYP3A4㸪CYP2C8/9࡞࡝࡟ࡼࡾ⏕
ᡂࡉࢀࡿ 4-hydroxy CPA㸪ࡲࡓ᭱⤊ⓗ࡟⏕ᡂࡍࡿ acroleinཬࡧ phosphoramide mustard࡞࡝࡟ࡼࡾẘ
ᛶࢆⓎ⌧ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Chang et al., 1997; Gut et al., 2000; Tong et al., 2017㸧㸬ࡇࢀࡽࡢ
௦ㅰ≀ࡀ DNA㞀ᐖࢆᘬࡁ㉳ࡇࡍࡇ࡜࡛㸪DNA damage response࡛࠶ࡿ p53㛵㐃㑇ఏᏊࡢኚືࡀᘬ
ࡁ㉳ࡇࡉࢀࡿ㸦Denissenko et al., 1999; Roy et al., 1999; Suzuki et al., 2008; Boehme et al., 2010㸧㸬
HepaRG⣽⬊ࡀ HepG2࡜ẚ㍑ࡋ㸪⸆≀௦ㅰάᛶࡀ㧗࠸ࡇ࡜࠿ࡽ㸪ࡇࢀࡽࡢ DNA㞀ᐖࢆᘬࡁ㉳ࡇ
ࡍ௦ㅰ≀ࡀ HepaRG⣽⬊࡛ࡼࡾከࡃ⏕ᡂࡉࢀ DNA㞀ᐖࢆᘬࡁ㉳ࡇࡋ㸪ࡼࡾឤᗘࡼࡃ p53㛵㐃㑇
ఏᏊࡢኚືࡀᤊ࠼ࡿࡇ࡜ࡀ࡛ࡁࡓ࡜⪃࠼ࡽࢀࡿ㸬
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5. ➨ 5❶ ⫢ẘᛶ≀㉁ࡢ௦ㅰ≀࡟ࡼࡿẘᛶⓎ⌧ホ౯
5.1 ➨ 1⠇ ⥴ゝ
⫢ẘᛶࡢⓎ⌧࡟ࡣᵝࠎ࡞せᅉࡀ㛵ಀࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࡀ㸪ࡑࡢ୰࡛ࡶ⫢⮚ࡢᶵ⬟ࡢ≉ᚩࡢ
୍ࡘ࡛࠶ࡿ⸆≀௦ㅰ㓝⣲࡟ࡼࡾ㸪໬ྜ≀ࡀ⫢⮚࡛௦ㅰࢆ࠺ࡅ⏕ᡂࡉࢀࡿ௦ㅰ≀ࡀ⫢ẘᛶࡢⓎ⌧࡟
㛵ࡍࡿࡇ࡜ࡶࡋࡤࡋࡤ࠶ࡿ㸬➨ 2❶ࡢ᳨ウ࠿ࡽ㸪ศ໬ࡋࡓ HepaRG⣽⬊ࡣ➨ I┦࣭➨ II┦௦ㅰ㓝
⣲࡜ࡶ࡟☜ㄆࡋࡓศᏊ✀࡟ࡘ࠸࡚ࡣάᛶࢆࣄࢺ⫢⣽⬊୪ࡳ࡟ಖ᭷ࡋ࡚࠸ࡓ㸬ࡲࡓࡇࢀࡲ࡛ࡢ᳨ウ
࠿ࡽ HepaRG⣽⬊ࢆ⏝࠸࡚⫢ẘᛶ≀㉁ࡢẘᛶⓎ⌧ࢆホ౯࡛ࡁࡿ⣽⬊⣔࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࡀ㸪
ᮏ❶࡛ࡣࡑࡢ⫢㞀ᐖࡢⓎ⌧ࡀ௦ㅰࢆ௓ࡋࡓẘᛶⓎ⌧࡛࠶ࡿ࠿㸪௦ㅰ≀ࡢẘᛶⓎ⌧࡬ࡢᙳ㡪ࢆホ౯
࡛ࡁࡿヨ㦂⣔࡛࠶ࡿ࠿࡜࠸࠺ほⅬ࡛ヲ⣽࡞᳨ウࢆ⾜ࡗࡓ㸬
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5.2 ➨ 2⠇ ⣽⬊ẘᛶⓎ⌧࡟ᑐࡍࡿ CYP࡟ࡼࡿ௦ㅰࡢᙳ㡪
5.2.1 ➨ 1㡯 ࣄࢺ෾⤖⫢⣽⬊ࢆ⏝࠸ࡓ⣽⬊ẘᛶホ౯
་⸆ရࡢ௦ㅰ࡟㛵ࢃࡿ୺࡞⸆≀௦ㅰ㓝⣲࡟ CYPࡀᣲࡆࡽࢀࡿࡀ㸪ሗ࿌࡟ࡼࡿ࡜㸪௦ㅰ࡟ࡼࡾࢡ
ࣜ࢔ࣛࣥࢫࢆ࠺ࡅࡿ་⸆ရࡢ࠺ࡕ⣙ 70%ࡀCYP࡛௦ㅰࡉࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Yokoi., 2009㸧㸬
ࡑࡢࡼ࠺࡟་⸆ရࡢ௦ㅰ࡟ᐤ୚ࡢ኱ࡁ࠸ CYP ࡛ࡣ࠶ࡿࡀ㸪CYP ࡟ࡼࡗ࡚⏕ᡂࡍࡿ௦ㅰ≀ࡀ⫢ẘ
ᛶࡢⓎ⌧࡟㛵୚ࡋ࡚࠸ࡿሙྜࡶከ࠸㸬➨ 4❶㸪➨ 3⠇࡛㏙࡭ࡓࡼ࠺࡟㸪௒ᅇ⫢ẘᛶ≀㉁࡜ࡋ࡚౑
⏝ࡋࡓ AFB1㸪CPA࡞࡝ࡶ CYP࡟ࡼࡾ⏕ᡂࡍࡿ௦ㅰ≀ࡀࡑࡢẘᛶⓎ⌧࡟㛵୚ࡋ࡚࠸ࡿࡇ࡜ࡀ▱ࡽ
ࢀ࡚࠸ࡿ㸬ᮏ⠇࡛ࡣ CYP࡟ࡼࡿ௦ㅰάᛶ໬࡟ࡼࡾᘬࡁ㉳ࡇࡉࢀࡿ⣽⬊ẘᛶࡀ HepaRG⣽⬊᳨࡛ฟ
࡛ࡁࡿ࠿ࢆ᳨ウࡍࡿࡓࡵ CYPࡢ㜼ᐖ๣ࢆ⏝࠸࡚⣽⬊ẘᛶࡢⓎ⌧࡬ࡢᙳ㡪ࢆホ౯ࡋࡓ㸬
ࡲࡎࣄࢺ෾⤖⫢⣽⬊ࢆ⏝࠸࡚ AFB1ཬࡧ CPA࡟ࡼࡿ⣽⬊ẘᛶ࡬ࡢ CYPࡢ㜼ᐖ๣ࡢᙳ㡪ࡢホ౯
ࢆ⾜ࡗࡓ㸬ࣄࢺ෾⤖⫢⣽⬊ࡣ➨2❶㸪➨3❶࡛౑⏝ࡋࡓྠࡌࣟࢵࢺࡢࣄࢺ෾⤖⫢⣽⬊㸦Cryopreserved 
Human Hepatocyte㸪Plateable, BioreclamationIVT♫㸧ࢆ 3ࣟࢵࢺ㸦3ࢻࢼ࣮㸧౑⏝ࡋࡓ㸬CYPࡢ㜼
ᐖ๣࡜ࡋ࡚ࡣ㠀≉␗ⓗ࡞ CYPࡢ㜼ᐖ๣࡛࠶ࡿ ABTࢆ⏝࠸ࡓ㸬ABTࡣMechanism-based inactivator
࡜ࡋ࡚▱ࡽࢀ㸪⮬㌟ࡀ CYP ࡛௦ㅰࡉࢀ CYP ࡢάᛶ୰ᚰࡢ࣒࣊ࢆ N ࢔ࣝ࢟ࣝ໬ࡍࡿࡇ࡜࡛ CYP
ࢆศᏊ✀㠀≉␗ⓗ࡟㜼ᐖࡍࡿ㜼ᐖ๣࡛࠶ࡿ㸦Fig. 5-1㸧㸦Ortiz et al., 1981, Paul et al., 1984, and Emoto
et al., 2005㸧㸬ᮏ᳨ウ࡛ࡣࣄࢺ෾⤖⫢⣽⬊࡟ AFB1࡜ CPA࡜ྠ᫬࡟ ABT㸦500 Pmol/L㸧ࢆ᭚㟢ࡋ㸪
48᫬㛫ᚋ࡟⣽⬊㞀ᐖᛶࢆホ౯ࡋࡓ㸬࡞࠾㸪ᮏ ABTࡢ᮲௳ࡣ᪤ሗ࿌㸦Ogimura et al., 2011㸧࡛౑⏝
ࡉࢀࡓ᮲௳ࢆ⏝࠸ࡓࡀ㸪CYPࡀ༑ศ࡟㜼ᐖࡉࢀࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸦Fig. 5-2㸧㸬⣽⬊㞀ᐖᛶࡢᣦᶆ
࡟ࡣ ATP࢔ࢵࢭ࢖ࢆ⏝࠸ࡓ㸬
ࡑࡢ⤖ᯝ㸪AFB1ࡣࡍ࡭࡚ࡢࣟࢵࢺࡢࣄࢺ෾⤖⫢⣽⬊࡟⣽⬊ẘᛶࢆ♧ࡋࡓࡀ㸪CYPࡢ㜼ᐖ๣࡛
࠶ࡿ ABT ࢆඹฎ⌮ࡍࡿࡇ࡜࡟ࡼࡗ࡚㸪ࡑࡢ⣽⬊ẘᛶࡣῶᙅࡋ㸪᏶඲࡟㜼ᐖࡉࢀࡓ㸬ࡲࡓ㸪CPA
ࡢ⣽⬊ẘᛶࡀㄆࡵࡽࢀࡓࣟࢵࢺ YEM࡟ࡘ࠸࡚ࡣ㸪CPAࡼࡗ࡚ᘬࡁ㉳ࡇࡉࢀࡓ⣽⬊ẘᛶࡀ ABT࡟
ࡼࡾ᭷ព࡟ῶᙅࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉࢀ㸪AFB1 ཬࡧ CPA ࡢࣄࢺ෾⤖⫢⣽⬊࡬ࡢẘᛶ࡟ࡣ CYP
࡟ࡼࡿ௦ㅰ≀ࡀᐤ୚ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸦Fig. 5-3㸧㸬
Figure 5-1  Structure of 1-aminobenzotriazole (ABT), a non-specific broad CYP Inhibitor
N
N
N
NH2
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Figure 5-2 Inhibitory Effects of ABT against CYP activity in cryopreserved human hepatocytes
Inhibitory effects of 500 Pmol/L ABT on several CYP activities (CYP1A2; phenacetin O-deethylase, 
&<3&GLFORIHQDFމ-hydroxylase, CYP2C19; S-PHSKHQ\WRLQމ-hydroxylase, CYP2D6; bufuralol 
މ-K\GUR[\ODVH&<3$PLGD]RODPމ-hydroxylase) in cryopreserved human hepatocytes (CHHs) were 
confirmed using each lot of CHHs (Lots SHM, CPQ, and YEM). Results of CHHs without ABT: ABT(-)
are means r S.D.; Lot. SHM: n 6, CPQ: n 3, YEM: n 6. Results of CHHs with 500 Pmol/L ABT: ABT(+),
Lot. SHM: n 3, CPQ: n 3, YEM: n 3. ND: not detectable.
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Figure 5-3 Effects of broad CYP inhibitor on cytotoxicity of AFB1 and CPA in cryopreserved 
human hepatocytes
Cytotoxicity of AFB1 and CPA was examined in cryopreserved human hepatocytes (CHHs) with or 
without 1-aminobenzotriazole (ABT), a non-selective CYP inhibitor. Results are black bar for with ABT 
and white bar for without ABT. CHHs (Lot. SHM; (a), CPQ; (b), and YEM; (c)) were exposed to AFB1 
(-1) and CPA (-2) for 48 h with or without ABT (ABT(-) or ABT(+)). ABT concentrations were 500 
Pmol/L. Cell viability was evaluated using CellTiter-GloTM luminescent cell viability assay. Results are 
normalized to control cells and expressed as means r S.D. (n  3 cultures). The data shown in Figure 5-3
(without ABT) and Figure 3 (a, b) are the same. Student's t-tests were conducted at the same concentration 
of test compound with or without ABT (*:p< 0.05, **:p< 0.01, ***p< 0.001).
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5.2.2 ➨ 2㡯 HepaRG⣽⬊ࢆ⏝࠸ࡓ⣽⬊ẘᛶホ౯
➨ 1㡯࡟࡚ࣄࢺ෾⤖⫢⣽⬊ࢆ⏝࠸࡚㸪CYP࡟ࡼࡿ௦ㅰ≀࡟ࡼࡿẘᛶⓎ⌧࡬ࡢᙳ㡪ࢆ☜ㄆࡍࡿࡇ
࡜ࡀ࡛ࡁࡓࡀ㸪HepaRG⣽⬊࡛ྠᵝ࡟ CYP࡟ࡼࡿ௦ㅰⓗάᛶ໬࡟ࡼࡿẘᛶⓎ⌧ࡢᙳ㡪ࢆホ౯࡛ࡁ
ࡿ࠿᳨ウࢆ⾜ࡗࡓ㸬⫢ẘᛶ≀㉁࡜ࡋ࡚ࣄࢺ෾⤖⫢⣽⬊ࡢ᳨ウ᫬࡜ྠᵝ࡟ AFB1㸪CPA ࢆ⏝࠸࡚㸪
HepaRG ⣽⬊࡬ࡢ⣽⬊ẘᛶ࡟ᑐࡍࡿ ABT ࡢඹฎ⌮࡟ࡼࡿᙳ㡪ࢆホ౯ࡋࡓ㸬ABT ࡢฎ⌮᮲௳ࡢ᳨
ウ࡜ࡋ࡚஦๓࡟⃰ᗘࢆࡩࡗ࡚⣽⬊ẘᛶཬࡧ CYPάᛶ࡬ࡢᙳ㡪ࢆホ౯ࡋ㸪᮲௳ࢆタᐃࡋࡓ㸬⣽⬊ẘ
ᛶࡢホ౯࡜ࡋ࡚ࡣ ATP࢔ࢵࢭ࢖㸪LDH࢔ࢵࢭ࢖㸦LDH Cytotoxicity Detection Kit㸪Takara㸧ࢆ⏝࠸
ࡓ㸬ࡑࡢ⤖ᯝ ABTࡣ HepaRG⣽⬊࡟ᑐࡋ࡚㸪100㹼500 Pmol/Lࡢ⃰ᗘ⠊ᅖ࡟࠾࠸࡚᫂ࡽ࠿࡞⣽⬊
ẘᛶࡣ♧ࡉ࡞࠿ࡗࡓ㸦Fig. 5-4 (a)-1, (a)-2㸧㸬⥆࠸࡚㸪ABTࡢ⸆≀௦ㅰ㓝⣲άᛶ࡟ᑐࡍࡿ㜼ᐖຠᯝ
ࡶ☜ㄆࡋࡓ㸬⃰ᗘࢆ 100 Pmol/Lཬࡧ 500 Pmol/Lࡢ 2⃰ᗘ㸪๓ฎ⌮ࡢ᭷↓ࡢ᳨ウ࡜࠸࠺ࡇ࡜࡛㓝
⣲άᛶホ౯ࡢࡓࡵࡢᇶ㉁᭚㟢ࡢ 1᫬㛫๓ࡢ ABTࡢ᭚㟢ࡢ᭷↓ࡢ 4᮲௳㸦ABT 100 Pmol/L๓ฎ⌮
࡞ࡋ㸭ABT 500 Pmol/L๓ฎ⌮࡞ࡋ㸭ABT 100 Pmol/L๓ฎ⌮ 1᫬㛫㸭ABT 500 Pmol/L๓ฎ⌮ 1᫬
㛫㸧࡟ࡘ࠸࡚㸪CYP6ศᏊ✀㸪ᢪྜ㓝⣲ 2ศᏊ✀࡟ࡘ࠸࡚ホ౯ࢆ⾜ࡗࡓ㸬࡞࠾ࡇࡢ࡜ࡁࡢ HepaRG
⣽⬊ࡢศ໬᮲௳ࡣ㸪௒ᅇヨ㦂⣔࡟⏝࠸ࡓ 7᪥㛫ศ໬ᚋࡢ HepaRG⣽⬊ࡢάᛶࡼࡾࡶ㸪㓝⣲άᛶࡀ
㧗࠸㸪ศ໬ Day9㸪Day14㸪Day16ࡢ HepaRG⣽⬊ࢆ⏝࠸࡚᮲௳ࢆ᳨ウࡋࡓ㸬ࡑࡢ⤖ᯝ㸪ࡍ࡭࡚ࡢ
CYPศᏊ✀࡟ࡘ࠸࡚ ABTࡢ㜼ᐖຠᯝࡀㄆࡵࡽࢀࡓ㸦Fig. 5-5㸧㸬CYP2B6㸪CYP2C19㸪CYP3A4࡟
ࡘ࠸࡚ࡣ㸪⃰ᗘࡀ㧗࠸᮲௳ࡢ㜼ᐖຠᯝࡀ㧗ࡃ㸪๓ฎ⌮ࡢຠᯝࡶㄆࡵࡽࢀࡓࡀ㸪100 Pmol/L๓ฎ⌮
࡞ࡋࡢ᮲௳࡛ࡶ㜼ᐖຠᯝࡣ༑ศ࡛࠶ࡗࡓ㸬CYP2C9 ࡟ࡘ࠸࡚ࡶ⃰ᗘࡀ㧗࠸᪉ࡀࡼࡾ㜼ᐖຠᯝࡀ㧗
࠸ഴྥ࡛࠶ࡗࡓࡀ㸪඲యⓗ࡟㜼ᐖຠᯝࡀᙅࡃ㸪ࡇࢀࡣ᪤ሗ㸦Emoto et al., 2003㸧ࡢ㏻ࡾ࡛࠶ࡗࡓ㸬
CYP1A2, CYP2D6࡟ࡘ࠸࡚ࡣ࡝ࡢ᮲௳࡛ࡶ༑ศ࡞㜼ᐖຠᯝࡀㄆࡵࡽࢀࡓ㸬UGTཬࡧ SULT࡟ࡘ࠸
࡚ࡣ㸪㜼ᐖຠᯝࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ㸬ࡇࢀࡽࡢ᳨ウ⤖ᯝ࠿ࡽ㸪CYP2C9ࡢ㜼ᐖຠᯝࡣᙅ࠸ࡶࡢࡢ㸪
ABT 100 Pmol/Lࡲࡓࡣ 500 Pmol/L࡛ࡶ࡯ࡰྠ⛬ᗘࡢ㜼ᐖ࡛࠶ࡗࡓࡇ࡜࡜㸪100 Pmol/Lࡢ᮲௳࡛
ࡶ༑ศ࡞ CYPάᛶࡢ㜼ᐖຠᯝࡀㄆࡵࡽࢀࡓࡓࡵ㸪ࡼࡾ⣽⬊࡬ࡢᙳ㡪ࡀᑡ࡞࠸⃰ᗘ࡛㸪ࡲࡓ㸪ᐇ㦂
ୖࡢ᧯సᛶࡶ⪃៖ࡋ㸪ᮏヨ㦂⣔࡛ࡢ HepaRG⣽⬊࡟ᑐࡍࡿ ABTࡢฎ⌮᮲௳ࡣ⃰ᗘ 100 Pmol/L㸦๓
ฎ⌮↓ࡋ㸧࡜ࡋࡓ㸬࡞࠾Ỵᐃࡋࡓ᮲௳࡛ศ໬ Day7ࡢ HepaRG⣽⬊ࢆ⏝࠸࡚㸪⤒᫬ⓗ࡞ ABTࡢ㜼
ᐖຠᯝࡢホ౯ࢆ⾜ࡗࡓ㸬ࡑࡢ⤖ᯝ㸪☜ㄆࡋࡓࡍ࡭࡚ࡢ CYP ศᏊ✀࡟ࡘ࠸࡚㸪ABT ࡟ࡼࡿ㜼ᐖຠ
ᯝࡀㄆࡵࡽࢀ㸪ฎ⌮ᚋ 72 ᫬㛫ࡲ࡛㜼ᐖࡀ⥔ᣢࡉࢀ࡚࠾ࡾ㸪༑ศ࡞㜼ᐖ᮲௳࡛࠶ࡿࡇ࡜ࡀ☜ㄆ࡛
ࡁࡓ㸦Fig. 5-6㸧㸬CYP2C9࡟ᑐࡍࡿ㜼ᐖຠᯝࡣ௚ࡢศᏊ✀ࡼࡾࡣప࠿ࡗࡓࡀ㸪㜼ᐖస⏝ࡣ 72᫬㛫
ࡲ࡛⥔ᣢࡋ࡚࠸ࡓ㸬
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Figure 5-4 Cytotoxicity of ABT for 72 h exposure in HepaRG cells
Cytotoxicity of 1-aminobenzotriazole (ABT) was examined in HepaRG cells to find the dose concentration 
for treatment. HepaRG cells were exposed to ABT for 72 h and cytotoxicity assay were evaluated using 
both ATP assay ((a)-1) and LDH assay ((a)-2). ATP assay was conducted using CellTiter-GloTM
luminescent cell viability assay (n  3 cultures). LDH assay was conducted using LDH Cytotoxicity 
Detection Kit (n  3 cultures).
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Figure 5-5 Inhibitory effects of ABT against drug-metabolizing enzyme activity in HepaRG cells
Inhibitory effects of ABT on several CYP activities (CYP1A2; phenacetin O-deethylase, CYP2C9; 
GLFORIHQDFމ-hydroxylase, CYP2C19; S-PHSKHQ\WRLQމ-K\GUR[\ODVH&<3'EXIXUDOROމ-hydroxylase, 
&<3$PLGD]RODPމ-hydroxylase) in HepaRG cells were confirmed. Results are means r S.D.
ABT(-): without ABT, ABT100: 100 Pmol/L ABT without pre-incubation, ABT500: 500 Pmol/L ABT 
without pre-incubation, ABT100 Pre1h: 100 Pmol/L ABT with 1-h pre-incubation, ABT500 Pre1h: 500 
Pmol/L ABT with 1-h pre-incubation
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Figure 5-6 Inhibitory effects of ABT (100 Pmol/L) against CYP activity for 72 h in HepaRG cells
Inhibitory effects of 100 Pmol/L ABT on several CYP activities (CYP1A2; phenacetin O-deethylase, 
&<3&GLFORIHQDFމ-hydroxylase, CYP2C19; S-PHSKHQ\WRLQމ-hydroxylase, CYP2D6; bufuralol 
މ-K\GUR[\ODVH&<3$PLGD]RODPމ-hydroxylase) in HepaRG cells were confirmed. Results are means 
r S.D (n  3). ABT(-): without ABT, ABT(+): with 100 Pmol/L ABT, ND: not detectable. 
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ࡇࡢࡼ࠺࡟タᐃࡋࡓ ABTࡢ᮲௳ࢆ⏝࠸࡚㸪⣽⬊ẘᛶホ౯ࢆ࠾ࡇ࡞ࡗࡓ㸬ศ໬ࡉࡏࡓ HepaRG⣽
⬊࡟ AFB1࡜ CPA࡜ྠ᫬࡟ ABT㸦100 Pmol/L㸧ࢆ᭚㟢ࡋ㸪48᫬㛫ᚋ࡟⣽⬊㞀ᐖᛶࢆホ౯ࡋࡓ㸦ATP
࢔ࢵࢭ࢖㸧㸬ࡑࡢ⤖ᯝ㸪⃰ᗘ౫Ꮡⓗ࡞⣽⬊ẘᛶࢆ♧ࡋࡓ AFB1 ࡟ᑐࡋ࡚㸪ABT ฎ⌮࡛⣽⬊ẘᛶࡢ
᫂ࡽ࠿࡞ῶᙅࡀㄆࡵࡽࢀࡓ㸦Fig. 5-7, (a)-1㸧㸬ࡲࡓ᭱㧗⃰ᗘࡢ 25000 Pmol/L࡛⣽⬊ẘᛶࢆ♧ࡋࡓ
CPA࡟ࡘ࠸࡚ࡶ㸪ABTࡢฎ⌮࡛㸪25000 Pmol/Lࡢ⣽⬊ẘᛶࡀⴭࡋࡃῶᙅࡋ࡚࠸ࡓ㸦Fig. 5-7, (a)-2㸧㸬
ࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪CYP࡟ࡼࡗ࡚⏕ᡂࡉࢀࡿ௦ㅰ≀࡟ࡼࡿẘᛶࢆ HepaRG⣽⬊࡛࡜ࡽ࠼ࡽࢀ࡚࠸
ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬
Figure 5-7 Effects of broad CYP inhibitor on cytotoxicity of AFB1 and CPA in HepaRG cells
Cytotoxicity of AFB1 and CPA was examined in HepaRG cells with or without 1-aminobenzotriazole 
(ABT), a non-selective CYP inhibitor. Results are white bar for without ABT and black bar for with ABT.
HepaRG cells were exposed to AFB1 (-1) and CPA (-2) for 48 h with or without ABT (ABT(-) or ABT(+)).
ABT concentrations were 100 Pmol/L. Cell viability was evaluated using CellTiter-GloTM luminescent cell 
viability assay. Results are normalized to control cells and expressed as means r S.D. (n  3 cultures). The
data shown in Figure 5-7 (without ABT) and Figure 3 (a, b) are the same. Student's t-tests were conducted 
at the same concentration of test compound with or without ABT (*:p< 0.05, **:p< 0.01, ***p< 0.001).
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5.3 ➨ 3⠇ ⣽⬊ẘᛶ࡟ᑐࡍࡿ⏕యෆᢠ㓟໬≀㉁ GSHࡢᙳ㡪
➨ 2⠇࡟࠾࠸࡚㸪HepaRG⣽⬊ࢆ⏝࠸࡚ CYP࡟ࡼࡿ௦ㅰ≀࡟ࡼࡿ⣽⬊ẘᛶࢆ㸪ࣄࢺ෾⤖⫢⣽⬊
࡜ྠᵝ࡟࡜ࡽ࠼ࡽࢀࡿࡇ࡜ࡀ࡛ࡁࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࡀ㸪ࡇࡢࡼ࠺࡟⣽⬊㞀ᐖᛶࢆ♧ࡍࡼ࠺
࡞௦ㅰ≀ࡣ㟁Ꮚⓗ࡟୙Ᏻᐃ࡛཯ᛂᛶࡀ㧗ࡃ㸪⣽⬊ෆ࡛௦ㅰࡉࢀ⏕ᡂࡍࡿ࡜ྠ᫬࡟㸪⣽⬊ෆࡢࢱࣥ
ࣃࢡ㉁ࡸ DNA ࡟⤖ྜࡋ㸪⣽⬊㞀ᐖࢆᘬࡁ㉳ࡇࡍ௦ㅰ≀㸦཯ᛂᛶ௦ㅰ≀㸧࡜ࡋ࡚ࡋ࡚▱ࡽࢀ࡚࠸
ࡿ㸦Leung et al., 2012; Thompson et al., 2016㸧㸬
⏕యෆᢠ㓟໬≀㉁࡜ࡋ࡚▱ࡽࢀࡿ GSH ࡣ㸪⏕యෆࡢࣇ࣮ࣜࣛࢪ࢝ࣝࢫ࢝࣋ࣥࢪ࣮ࣕ࡜ࡋ࡚⏕
య୰ࡢ✀ࠎࡢ㓟໬ࢫࢺࣞࢫ࡟ᑐࡋ࡚ಖㆤⓗ࡟ാࡃࡀ㸪exogenous ࡞໬Ꮫ≀㉁⏤᮶ࡢ཯ᛂᛶࡢ㧗࠸
ồ㟁Ꮚᛶࡢ௦ㅰ≀࡞࡝࡜ࡶ཯ᛂࡋ㸪ࡇࢀࡽࢆゎẘ໬ࡋ㸪ࡇࡢࡼ࠺࡞཯ᛂᛶ௦ㅰ≀࠿ࡽ⣽⬊ෆࡢࢱ
ࣥࣃࢡ㉁㸪DNA࡞࡝ࢆᏲࡗ࡚࠸ࡿ㸦Mitchell and Russo., 1987㸧㸬GSHࢆᯤῬࡉࡏ࡚㸪཯ᛂᛶ௦ㅰ
≀࡟ࡼࡿẘᛶࡢឤᗘࢆୖࡆ㸪࣏ࢸࣥࢩࣕࣝࢆホ౯ࡍࡿ⣔ࡣࡇࢀࡲ࡛ in vitro, in vivo᳨࡛ウሗ࿌ࡉ
ࢀ࡚ࡁ࡚࠸ࡿࡀ㸦Fujimoto et al., 2010, Watanabe et al., 2003, Nishiya et al., 2008㸧㸪௒ᅇ HepaRG⣽⬊
ࢆ⏝࠸࡚㸪GSHࢆᯤῬࡉࡏ࡚㸪ࡼࡾឤᗘࡼࡃ཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࡢẘᛶࢆホ౯ࡍࡿ⣔ࢆᵓ⠏ࡍࡿ
ࡇ࡜ࢆ᳨ウࡋࡓ㸬GSH ࡢᯤῬ࡟ࡣ GSH ࡢ๓㥑య࡛࠶ࡿ J-glutamylcysteine ࡢྜᡂ㓝⣲
㸦J-glutamylcysteine synthetase㸧ࡢ㜼ᐖ๣࡛࠶ࡿ BSOࢆ⏝࠸࡚㸦Griffith and Meister., 1979; Griffith
1982㸧㸪GSHࡢ⏕ྜᡂࢆ㜼ᐖࡍࡿࡇ࡜࡜ࡋࡓ㸬BSOࡢฎ⌮᮲௳ࡢ᳨ウ࡜ࡋ࡚஦๓࡟⃰ᗘࢆࡩࡗ࡚
⣽⬊ẘᛶཬࡧ⏕యෆ GSH㔞࡬ࡢᙳ㡪ࢆホ౯ࡋ㸪᮲௳ࢆタᐃࡋࡓ㸬ศ໬ࡉࡏࡓ HepaRG⣽⬊࡟ 100
㹼500 Pmol/Lࡢ⃰ᗘ࡛ BSOࢆ᭚㟢ࡋ 96᫬㛫ᚋ㸪⣽⬊ẘᛶࢆホ౯ࡋࡓ㸬⣽⬊ẘᛶࡢホ౯࡜ࡋ࡚ࡣ
ATP࢔ࢵࢭ࢖㸪LDH࢔ࢵࢭ࢖ࢆ⏝࠸ࡓ㸬ࡑࡢ⤖ᯝ BSOࡣ HepaRG⣽⬊࡟ᑐࡋ࡚㸪100㹼500 Pmol/L
ࡢ⃰ᗘ⠊ᅖ࡟࠾࠸࡚㸪ATP࢔ࢵࢭ࢖ࢆᣦᶆ࡜ࡋࡓ Cell viability࡟ࡣᙳ㡪ࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࡀ㸪
LDH࢔ࢵࢭ࢖ࢆᣦᶆ࡜ࡋࡓホ౯࡛ࡣ㸪200㹼500 Pmol/Lࡢ⃰ᗘ࡟࠾࠸࡚⃰ᗘ౫Ꮡⓗ࡞⣽⬊㞀ᐖᛶ
ࡀ☜ㄆ࡛ࡁ㸪ࢃࡎ࠿࡞⣽⬊ẘᛶࡀ☜ㄆࡉࢀࡓ㸦Fig. 5-8 (a)-1, (a)-2㸧㸬⥆࠸࡚㸪BSO㸦62.5㹼1000 Pmol/L㸧
ࡢ⣽⬊ෆ GSH㔞࡟ᑐࡍࡿᙳ㡪ࢆホ౯ࡋࡓ㸬BSOࢆ᭚㟢ࡋ 96᫬㛫ᚋ㸪⣽⬊ෆ GSHྵ㔞ࢆ ᐃࡋ
ࡓ㸬ࡑࡢ⤖ᯝ㸪☜ㄆࡋࡓ 62.5㹼1000 Pmol/Lࡢ⃰ᗘ⠊ᅖ࡟࠾࠸࡚㸪⣽⬊ෆ GSH㔞ࡢ༑ศ࡞ῶᑡࢆ
☜ㄆ࡛ࡁࡓ㸦Fig. 5-8 (b)㸧㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ㸪BSOࡢฎ⌮᮲௳ࡣ 100 Pmol/L࡜ࡋ㸪72᫬㛫ࡢ⣽
⬊ẘᛶ࢔ࢵࢭ࢖ࢆ⾜࠺ 24᫬㛫๓ࡢ๓ฎ⌮᮲௳࡜ࡋ࡚㸪⣽⬊ẘᛶホ౯࡟㐺⏝ࡋࡓ㸬
ᮏฎ⌮᮲௳࡟࠾࠸࡚㸪AFB1㸪CPA㸪APAPࡢ⣽⬊ẘᛶ࡬ࡢBSOฎ⌮ࡢᙳ㡪ࢆホ౯ࡋࡓ㸦Fig. 5-9㸧㸬
ࡑࡢ⤖ᯝ㸪AFB1࡟ࡘ࠸࡚ࡣ㸪10, 30 Pmol/Lࡢ⃰ᗘ࡟ࡘ࠸࡚㸪BSOฎ⌮࡛⣽⬊ẘᛶࡀቑᙉࡉࢀࡓ㸬
ࡲࡓ CPAཬࡧ APAP࡟ࡘ࠸࡚ࡣࡍ࡭࡚ࡢ⃰ᗘ࡟ࡘ࠸࡚ BSOࡢฎ⌮࡛⣽⬊ẘᛶࡀቑᙉࡉࢀࡓ㸬ࡇ
ࢀࡽࡢࡇ࡜࠿ࡽ㸪AFB1㸪CPA ཬࡧ APAP ࡟ࡼࡿ⣽⬊ẘᛶࡢⓎ⌧࡟ࡣᐤ୚ࡍࡿ࡜▱ࡽࢀࡿ཯ᛂᛶ
ࡢ㧗࠸௦ㅰ≀ࡢẘᛶࢆ HepaRG ⣽⬊࡛࡜ࡽ࠼ࡿࡇ࡜ࡀ࡛ࡁ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ㸬ࡲࡓ㸪
ࡇࡢࡼ࠺࡟ BSOࢆ⏝࠸࡚ GSHࢆᯤῬࡉࡏࡓ⣽⬊⣔ࢆ⏝࠸࡚ࡼࡾឤᗘࡼࡃ཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࡢ
⣽⬊㞀ᐖᛶࡢ࣏ࢸࣥࢩࣕࣝ࠾ࡼࡧࡑࡢᐤ୚ᗘࢆホ౯ࡍࡿࡇ࡜࡛ࡁࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬
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Figure 5-8 Cytotoxicity and effect of BSO on intracellular GSH content in HepaRG cells after 72 
h exposure of BSO
Cytotoxicity of L-Buthionine-(S,R)-Sulfoximine (BSO) was examined in HepaRG cells to find the dose 
concentration for treatment. HepaRG cells were exposed to BSO for 96 h and cytotoxicity assay were 
evaluated using both ATP assay ((a)-1) and LDH assay ((a)-2). ATP assay was conducted using 
CellTiter-GloTM luminescent cell viability assay. LDH assay was conducted using LDH Cytotoxicity 
Detection Kit. Intracellular GSH content in HepaRG cells after 96 h exposure of BSO were determined 
using GSH-GloTM Glutathione assay (b). Structure of BSO are shown (C).
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Figure 5-9 Effects of GSH biosynthesis inhibitor on cytotoxicity of AFB1, CPA, and APAP in 
HepaRG cells
Cytotoxicity of AFB1, CPA, and APAP was examined in HepaRG cells with or without BSO, a GSH 
biosynthesis inhibitor. Results are white bar for without BSO and black bar for with BSO. HepaRG cells 
were exposed to AFB1(a), CPA(b), and APAP(c) for 72 h with or without BSO (BSO(-) or BSO(+)). 100 
Pmol/L BSO concentrations were pre-incubated for 24 h before test compound exposure. Cell viability was 
evaluated using CellTiter-GloTM luminescent cell viability assay. Results are normalized to control cells 
and expressed as means r S.D. (n  3 cultures). Student's t-tests were conducted at the same concentration 
of test compound with or without BSO (*:p< 0.05, **:p< 0.01, ***p< 0.001).
0
20
40
60
80
100
120
0 0.3 1 3 10 30
Ce
ll 
vi
ab
ili
ty
 (
%
 o
f c
on
tr
ol
)
Concentration (Pmol/L)
Aflatoxin B1
BSO (-)
BSO (+)
(a)
0
20
40
60
80
100
120
0 1250 2500 5000 10000 20000
Ce
ll 
vi
ab
ili
ty
 (
%
 o
f c
on
tr
ol
)
Concentration (Pmol/L)
Cyclophosphamide
BSO (-)
BSO (+)
(b)
0
20
40
60
80
100
120
0 1250 2500 5000 10000 20000
C
el
l v
ia
bi
lit
y 
(%
 o
f c
on
tr
ol
)
Concentration (Pmol/L)
Acetaminophen
BSO (-)
BSO (+)
(c)
***
*** *** ***
*
**
**
** **
*
***
*
33
5.4 ➨ 4⠇ ࢔ࢭࢺ࢔࣑ࣀࣇ࢙ࣥࡢẘᛶⓎ⌧࡟ᑐࡍࡿ௦ㅰ≀ࡢᙳ㡪ࡢホ౯
་⸆ရࡣ⏕యෆ࡛✀ࠎࡢ⸆≀௦ㅰ㓝⣲࡟ࡼࡾᵝࠎ࡞௦ㅰࢆཷࡅ࡚࠸ࡿ㸬⏕యෆ࡟྾཰ࡉࢀࡓ་
⸆ရࡣ୺࡟⫢⮚୰࡛௦ㅰࡉࢀ⏕యእ࡟᤼ἥࡉࢀࡿࡀ㸪ࡑࡢ௦ㅰ⤒㊰ࡣ⸆≀࡟ࡼࡾᵝࠎ࡛㸪࠿ࡘ࠸
ࡃࡘ࠿ࡢゎẘ࣭άᛶ໬ࡢ⤒㊰ࡀ」㞧࡟⤡ࡳྜࡗ࡚࠸ࡿ㸬⫢ẘᛶࡢⓎ⌧࡟ࡶࡇ࠺࠸ࡗࡓ⸆≀௦ㅰࡢ
┒ࢇ࡞⫢⮚࡟࠾ࡅࡿᵝࠎ࡞௦ㅰࣃࢫ࢙࢘࢖ࡢᐤ୚ࡀ⪃࠼ࡽࢀࡿ㸬APAP ࡢ௦ㅰࣃࢫ࢙࢘࢖ࢆ Fig.
5-10 ࡟♧ࡍࡀ㸪APAP ࡣ⏕య࡛ࢢࣝࢡࣟࣥ㓟ᢪྜ㸪◲㓟ᢪྜ࡛ᢪྜ௦ㅰࢆཷࡅ㸪᤼ἥࡉࢀࡿ⤒㊰
࡜㸪CYP࡟ࡼࡾ⏕ᡂࡉࢀࡓ཯ᛂᛶࡢ㧗࠸ NAPQI࡜࠸࠺௦ㅰ≀ࡀ GSH࡛ᢪྜࡉࢀ᤼ἥࡉࢀࡿ⤒㊰
ࡀ▱ࡽࢀ࡚࠸ࡿ㸦James et al., 2003㸧㸬ᮏ⠇࡛ࡣࡇࢀࡽࡢ APAPࡢ௦ㅰ࡟㛵ࢃࡿ௦ㅰ㓝⣲ࡢ㜼ᐖ๣
ࢆ⏝࠸࡚㸪ࡑࢀࡽࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡛㸪௦ㅰ⤒㊰࡟ᛂࡌࡓ㸪௦ㅰ≀ࡢẘᛶ࡬ࡢᙳ㡪ࡢホ౯ࡀ
HepaRG ⣽⬊ࢆ⏝࠸࡚⾜࠼ࡿ࠿ࡢ᳨ウࢆ⾜ࡗࡓ㸬౑⏝ࡋࡓ㜼ᐖ๣ࡣࡇࢀࡲ࡛᮲௳ࢆ᳨ウࡋ࡚ࡁࡓ
CYPࡢ㜼ᐖ๣࡛࠶ࡿ ABT㸦100 Pmol/L㸧㸪GSHࡢ⏕ྜᡂ㜼ᐖ๣ࡢ BSO㸦100 Pmol/L㸧࡟ຍ࠼㸪ࢢ
ࣝࢡࣟࣥ㓟ᢪྜ㸪◲㓟ᢪྜࡢ➇ྜ㜼ᐖ๣࡜ࡋ࡚▱ࡽࢀࡿ SAM㸦Fig. 5-11㸧ࢆ౑⏝ࡋࡓ㸦Lilienblum
et al., 1985㸧㸬SAMࡢฎ⌮᮲௳ࡢ᳨ウ࡜ࡋ࡚஦๓࡟⃰ᗘࢆࡩࡗ࡚⣽⬊ẘᛶࢆホ౯ࡋ㸪᮲௳ࢆタᐃࡋ
ࡓ㸬ศ໬ࡉࡏࡓ HepaRG⣽⬊࡟ 500㹼2000 Pmol/Lࡢ⃰ᗘ࡛ SAMࢆ᭚㟢ࡋ 72᫬㛫ᚋ㸪⣽⬊ẘᛶࢆ
ホ౯ࡋࡓ㸬⣽⬊ẘᛶࡢホ౯࡜ࡋ࡚ࡣ ATP ࢔ࢵࢭ࢖㸪LDH ࢔ࢵࢭ࢖ࢆ⏝࠸ࡓ㸬ࡑࡢ⤖ᯝ SAM ࡣ
HepaRG⣽⬊࡟ᑐࡋ࡚㸪500㹼2000 Pmol/Lࡢ⃰ᗘ⠊ᅖ࡟࠾࠸࡚㸪⃰ᗘ౫Ꮡⓗ࡞⣽⬊ẘᛶࡀㄆࡵࡽ
ࢀࡓ㸬500 Pmol/Lࡢ⃰ᗘ࡟࠾࠸࡚ࡣ⣽⬊㞀ᐖᛶࡣ㍍ᚤ࡛࠶ࡗࡓࡓࡵ㸦ATP assay: 93.7%, LDH assay: 
500 Pmol/L;17.0 U/L, Control;12.3 U/L㸧㸪500 Pmol/Lࡢ⃰ᗘࢆ SAMࡢ᮲௳࡜ࡋࡓ㸦Fig. 5-12 (a)-1, 
(a)-2㸧㸬
Figure 5-10 Metabolic pathway of acetaminophen
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Figure 5-11  Structure of salicylamide (SAM)
Figure 5-12 Cytotoxicity of SAM for 72 h exposure in HepaRG cells
Cytotoxicity of salicylamide (SAM) was examined in HepaRG cells to find the dose concentration for 
treatment. HepaRG cells were exposed to SAM for 72 h and cytotoxicity assay were evaluated using both 
ATP assay ((a)-1) and LDH assay ((a)-2). ATP assay was conducted using CellTiter-GloTM luminescent cell 
viability assay (n  3 cultures). LDH assay was conducted using LDH Cytotoxicity Detection Kit (n  3
cultures).
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ࡇࢀࡽ㜼ᐖ๣ࡢฎ⌮᮲௳ࢆ⏝࠸࡚㸪ྛ✀㜼ᐖ๣ࢆ⤌ࡳྜࢃࡏ㸪APAPࡢ HepaRG⣽⬊࡟ᑐࡍࡿ
⣽⬊ẘᛶ࡬ࡢᙳ㡪ࡢホ౯ࡋࡓ㸬APAPࡢ⃰ᗘ࡜ࡋ࡚ 5 mmol/L㸪10 mmol/Lࢆ⏝࠸ࡓ㸬ࡑࡢ⤖ᯝ 5
mmol/L㸪10 mmol/Lࡢ APAP࡟ࡼࡗ࡚ᘬࡁ㉳ࡇࡉࢀࡿ⣽⬊ẘᛶࡣ㸪BSOཬࡧ SAMࡢฎ⌮㸦ࢢࣝ
ࢡࣟࣥ㓟ᢪྜ㸪◲㓟ᢪྜ㸪ࢢࣝࢱࢳ࢜ࣥᢪྜࡢ㜼ᐖ㸧࡟ࡼࡾቑᙉࡋࡓ㸬ࡲࡓ㸪ࡑࡢቑᙉࡋࡓ⣽⬊
ẘᛶࡣ CYPࡢ㜼ᐖ๣࡛࠶ࡿ㸪ABTࡢฎ⌮࡟ࡼࡾ᏶඲࡟ῶᙅࡋ㸪⣽⬊Ṛࡀ㜼ᐖࡉࢀࡓ㸦Fig. 5-13㸧㸬
ࡇࢀࡽࡢ⤖ᯝࡣ Fig. 5-10࡟♧ࡋࡓAPAPࡢ௦ㅰࣃࢫ࢙࢘࢖࡟ᚑࡗ࡚⏕ᡂࡍࡿ௦ㅰ≀ࡀẘᛶⓎ⌧࡟
ᐤ୚ࡋ࡚࠸ࡿࡇ࡜ࢆ♧ࡋ࡚࠾ࡾ㸪HepaRG⣽⬊ࢆ⏝࠸ࡓᮏホ౯⣔࡟ྛ✀㜼ᐖ⤌ࡳྜࢃࡏࡿࡇ࡜࡛㸪
ࡑࡢ௦ㅰ≀ࡢẘᛶⓎ⌧㸭ゎẘࡢᐤ୚ࢆ☜ㄆࡍࡿࡇ࡜ࡀ࡛ࡁࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬
Figure 5-13 Effects of several enzyme inhibitors on APAP-induced cytotoxicity in HepaRG cells 
Cytotoxicity of APAP was examined in HepaRG cells with or without several enzyme inhibitors. Results 
are black bar for without inihibitor, white bar for with ABT, grey bar for with BSO+SAM and striped bar 
for with ABT+ BSO+SAM. HepaRG cells were exposed to 5 mmol/L or 10 mmol/L APAP for 72 h with or 
without inhibitors ((-), ABT, BSO+SAM, or ABT+ BSO+SAM). BSO concentrations were pre-incubated 
for 24 h before test compound exposure and other inhibitors were treated at the same time of test 
compound exposure (ABT:100 Pmol/L, BSO:100 Pmol/L, SAM:500 Pmol/L). Cell viability was evaluated 
using CellTiter-GloTM luminescent cell viability assay. Results are normalized to control cells and 
expressed as means r S.D. (n  5 cultures). Tukey test was conducted (***: p< 0.001, ###: p< 0.001).
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⥆࠸࡚㸪ᐇ㝿࡟ SAM࡛ UGT㸪SULTࡀ㜼ᐖࡉࢀ࡚࠸ࡿ࠿☜ㄆࢆࡍࡿࡓࡵ㸪⣽⬊ẘᛶホ౯ࢆ⾜
ࡗࡓ well㸦APAP 5 mmol/L⩌㸧ࡢ⸆≀᭚㟢ᚋࡢᇵᆅୖΎࢆ᥇ྲྀࡋ㸪ୖΎ୰ࡢ௦ㅰ≀㸦APAPࡢࢢ
ࣝࢡࣟࣥ㓟ᢪྜయ㸪◲㓟ᢪྜయ㸧ࡢ⃰ᗘࡢ ᐃࢆ⾜ࡗࡓ㸬ࡑࡢ⤖ᯝ㸪APAPࢢࣝࢡࣟࣥ㓟ᢪྜయ㸪
APAP◲㓟ᢪྜయ࡜ࡶ࡟ Control⩌㸦ཬࡧ ABT༢⊂ฎ⌮⩌㸧࡜ẚ㍑ࡋ⃰ᗘࡀపࡃ㸪SAMฎ⌮࡟ࡼ
ࡾ㸪APAPࡢྛᢪྜ௦ㅰࡀ㜼ᐖࡉࢀ࡚࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓ㸦Fig. 5-14㸧㸬
Figure 5-14 Effects of several enzyme inhibitors on metabolism of APAP in HepaRG cells
Metabolites of APAP (APAP-glucronide and APAP-sulfate) in the culture supernatant after APAP exposure 
to HepaRG cells with or without several inhibitors for cytotoxicity assay (Fig. 5-13) were determined. 
Results are expressed as means r S.D. (n  5 cultures). BLQ: below lower limit of quantification.
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5.5 ➨ 5⠇ ᑠᣓ
ᮏ❶࡛ࡣ㸪HepaRG ⣽⬊ࢆ⏝࠸ࡓ⣽⬊⣔࡛㸪ྛ✀⸆≀௦ㅰ࡟㛵ࡍࡿ㜼ᐖ๣ࢆ⏝࠸࡚㸪ࡑࡢ⣽⬊
ẘᛶ࡟ᑐࡍࡿᙳ㡪࡟ࡘ࠸࡚ホ౯ࡋࡓ㸬CYP ࡢ㠀≉␗ⓗ࡞㜼ᐖ๣࡛࠶ࡿ ABT ࢆඹฎ⌮ࡍࡿࡇ࡜࡟
ࡼࡾ㸪AFB1ཬࡧ CPA࡟ࡼࡗ࡚ᘬࡁ㉳ࡇࡉࢀࡿ⣽⬊ẘᛶࡀῶᙅࡋࡓ㸬AFB1ཬࡧ CPAࡣ➨ 4❶㸪
3⠇࡟グ㏙ࡋࡓ㏻ࡾ CYP࡟ࡼࡾ⏕ᡂࡍࡿάᛶ௦ㅰ≀ࡀẘᛶࢆⓎ⌧ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡀ㸪௒
ᅇ᭱㐺໬ࡋࡓ ABT ࡢ᮲௳࡟࠾࠸࡚㸪HepaRG⣽⬊ࡢ CYP άᛶࡣ༑ศ࡟㜼ᐖࡉࢀ࡚࠸ࡿࡇ࡜ࢆ☜
ㄆࡋ࡚࠾ࡾ㸪CYP࡟ࡼࡿ௦ㅰⓗάᛶ໬࡛Ⓨ⌧ࡍࡿẘᛶࢆ HepaRG⣽⬊᳨࡛ฟ࡛ࡁࡿࡇ࡜ࡀ♧၀ࡉ
ࢀࡓ㸬
ࡇࡢࡼ࠺࡟ CYP࡟ࡼࡾ௦ㅰⓗάᛶ໬࡛⣽⬊㞀ᐖᛶࢆ♧ࡍ௦ㅰ≀ࡣ㸪㟁Ꮚⓗ࡟୙Ᏻᐃ࡛཯ᛂᛶࡢ
㧗࠸௦ㅰ≀࡛࠶ࡿࡇ࡜ࡀከࡃ㸪AFB1ࡢ AFB1 exo-8,9 epoxideࡸ CPAࡢ௦ㅰ≀࡛࠶ࡿ acroleinࡶ཯
ᛂᛶࡀ㧗ࡃ㸪⣽⬊୰ࡢࢱࣥࣃࢡ㉁ࡸ㸪DNA࡟⤖ྜࡋ㸪⣽⬊㞀ᐖᛶࢆ♧ࡍ㸦McLean and Dutton., 1995; 
Gallagher et al., 1996; Chang et al., 1997; Gut et al., 2000㸧㸬ࡇࡢࡼ࠺࡞཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࡣ⏕యෆ
ᢠ㓟໬≀㉁࡜ࡋ࡚ാࡃ GSH࡛ᢪྜゎẘࡉࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Mitchell and Russo., 1987; Lu.,
2013㸧㸬GSHࡢ⏕ྜᡂ㜼ᐖ๣࡛࠶ࡿ BSOࢆฎ⌮ࡋࡓࡇࢁ㸪ࣛࢵࢺ⫢⣽⬊ࢆ⏝࠸࡚ሗ࿌ࡀ࠶ࡿ GSH
ᯤῬ⣽⬊ࣔࢹࣝ㸦Fujimoto et al., 2010㸧࡜ྠᵝ࡟ HepaRG⣽⬊࡛ࡶ㸪GSHᯤῬࡢ⣽⬊⣔ࡀ☜❧࡛
ࡁࡓ㸬ࡇࡢ GSHࢆᯤῬࡉࡏࡓ HepaRG⣽⬊࡟࡚㸪AFB1㸪CPAཬࡧ APAPࡢ⣽⬊ẘᛶࢆホ౯ࡋࡓ
࡜ࡇࢁ㸪ࡼࡾឤཷᛶ㧗ࡃ⣽⬊ẘᛶࡀ☜ㄆ࡛ࡁࡓ㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ AFB1㸪CPA㸪APAPࡀ HepaRG
⣽⬊࡟ᘬࡁ㉳ࡇࡍ⣽⬊㞀ᐖᛶࡣ㸪GSH࡛ゎẘࡉࢀࡿࡼ࠺࡞௦ㅰ≀ࡀᐤ୚ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀ
ࡓ㸬
ࡲࡓ APAP࡬ࡢྛ✀㜼ᐖ๣ࢆ⏝࠸ࡓẘᛶ࡬ྛ✀㓝⣲ࡢᐤ୚ࢆ☜ㄆࡍࡿ᳨ウ࡟࠾࠸࡚㸪௒ᅇ⏝࠸
ࡓ APAPࡣ୺࡟ CYP2E1㸪CYP3A4࠾ࡼࡧ CYP1A2࡛௦ㅰࡉࢀ㸪NAPQI࡜࠸࠺཯ᛂᛶ௦ㅰ≀ࢆ⏕
ᡂࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦James et al., 2003㸧㸬௒ᅇࡣ ABT࡟ࡼࡿ CYP2E1ࡢάᛶࡢ㜼ᐖຠᯝࡣ
☜ㄆࡋ࡚࠸࡞࠸ࡀ㸪ABTࡢ CYP2E1άᛶ࡟ᑐࡍࡿ㜼ᐖຠᯝࡣ Ki㸻8.7 Pmol/L࡛࠶ࡿ࡜࠸࠺ሗ࿌ࡀ
࠶ࡾ㸦Emoto et al., 2003㸧㸪௒ᅇࡢ᮲௳࡛άᛶࢆ༑ศ࡟㜼ᐖࡍࡿ᮲௳࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬ୖΎ୰
௦ㅰ≀ࡢᐃ㔞ࡢ⤖ᯝ࠿ࡽ㸪APAPࢢࣝࢡࣟࣥ㓟ᢪྜయ㸪APAP◲㓟ᢪྜయ࡜ࡶ࡟ Control⩌㸦ཬࡧ
ABT༢⊂ฎ⌮⩌㸧࡜ẚ㍑ࡋ⃰ᗘࡀపࡃ㸪SAMฎ⌮࡟ࡼࡾ㸪APAPࡢྛᢪྜ௦ㅰࡀ㜼ᐖࡉࢀ࡚࠸ࡿ
ࡇ࡜ࡀ☜ㄆ࡛ࡁࡓ㸬GSH ᢪྜ௦ㅰ≀࡟ࡘ࠸࡚ࡣᮍ ᐃ࡛ࡣ࠶ࡿࡀ㸪ABT+BSO+SAM ฎ⌮⩌࡟࠾
࠸࡚㸪ྛ ᢪྜ௦ㅰ≀ࡢቑຍࡀㄆࡵࡽࢀ㸪GSHᢪྜࡣ CYPࡢ㓟໬௦ㅰ࡟ࡼࡾ⏕ᡂࡍࡿ NAPQIࡢゎ
ẘᶵᵓ࡛࠶ࡿࡇ࡜࠿ࡽ㸪GSHᢪྜయࡢᐤ୚ࡶ♧၀ࡉࢀࡓ㸬
ࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪ࡇࡢࡼ࠺࡞௦ㅰⓗάᛶ໬㸪ᢪྜ࣭ゎẘ࡞࡝」ᩘࡢࣃࢫ࢙࢘࢖ࡀ㛵ࢃࡿ APAP
ࡢࡼ࠺࡞໬ྜ≀࡟ࡘ࠸࡚㸪ࡇࢀࡽࡢྛ✀௦ㅰ㓝⣲ࡢ㜼ᐖ๣ࢆ⤌ࡳྜࢃࡏ㸪ホ౯ࡍࡿࡇ࡜࡟ࡼࡾ㸪
௦ㅰ≀࡬ࡢẘᛶ࡬ࡢᐤ୚ࢆ᥎ᐹࡍࡿࡇ࡜ࡀ࡛ࡁࡿ࡜⪃࠼ࡽࢀࡓ㸬
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6. ➨ 6❶ ⪃ᐹ࡜⥲ᣓ
⸆๣ㄏⓎᛶ⫢㞀ᐖࡣ་⸆ရࡢ㛤Ⓨ୰Ṇ㸪ᕷሙ᧔㏥ࡢ⌮⏤ࡢ୺࡞ཎᅉࡢ୍ࡘ࡛࠶ࡾ㸪་⸆ရ๰⸆
◊✲࡟࠾࠸࡚㸪࠸࠿࡟⫢㞀ᐖᛶࡢ࡞࠸໬ྜ≀ࢆ㑅ฟࡋ㛤Ⓨࡍࡿ࠿ࡀㄢ㢟࡜࡞ࡗ࡚࠸ࡿ㸬ࡇࢀࡽࡢ
ࡇ࡜࠿ࡽ་⸆ရ◊✲ࡢࡼࡾึᮇࡢẁ㝵࡛⫢㞀ᐖᛶࡢࣜࢫࢡࢆண ࡋ㸪໬ྜ≀ࡢࡑࡢ࣏ࢸࣥࢩࣕࣝ
ࢆぢᴟࡵࡿᚲせࡀ࠶ࡿ㸬ᮏ◊✲࡛ࡣ㸪ࡑࡢ⫢㞀ᐖᛶࣜࢫࢡࡢண ཬࡧホ౯࡟ HepaRG⣽⬊ࡀ᭷⏝
࡞ホ౯⣔࡛࠶ࡿ࠿ྰ࠿࡜࠸࠺ほⅬ᳨࡛ウࢆ⾜ࡗࡓ㸬
HepaRG ⣽⬊ࡣ≉Ṧ࡞ᇵ㣴᮲௳࡛ศ໬ࡉࡏࡿ࡜ࣄࢺ⫢⣽⬊࡜ྠ➼ࡢ⸆≀௦ㅰ㓝⣲άᛶࢆ᭷ࡍࡿ
࡜࠸࠺ሗ࿌ࡀ࡞ࡉࢀ࡚࠸ࡿ㸦Gripon et al., 2002; Aninat et al., 2006; Lübberstedt et al., 2011㸧㸬Gripon
ࡽࡢሗ࿌࡟ࡼࡿ࡜㸪ศ໬ㄏᑟ⏝ࡢᇵᆅ࡟ࡣ㸪DMSO ཬࡧ hydrocortisone ࡞࡝ࡢ௦⾲ⓗ࡞ศ໬ㄏᑟ
๣ࡀྵࡲࢀ࡚࠾ࡾ㸪ࡇࡢᇵᆅ࡛๓ᇵ㣴ࡍࡿࡇ࡜࡛⸆≀௦ㅰ㓝⣲άᛶࡀୖ᪼ࡋ࡚ࡃࡿࡀ㸪ྠሗ࿌࡛
ࡣྠ୍᮲௳࡛ HepG2⣽⬊ࢆᇵ㣴ࡋ࡚ࡶ㸪⸆≀௦ㅰ㓝⣲ࡢⓎ⌧ࡣࡳ࡜ࡵࡽࢀ࡞࠸ࡇ࡜࠿ࡽ㸦Gripon
et al., 2002㸧㸪HepaRG⣽⬊ࡢ≉ᚩࡢ୍ࡘ࡛࠶ࡿࡇ࡜⪃࠼ࡽࢀࡿ㸬
ࣄࢺ෾⤖⫢⣽⬊ࡣࢻࢼ࣮ࡢಶయᕪ࡟཯ᫎࡉࢀࡓ⸆≀௦ㅰ㓝⣲άᛶࡢࣟࢵࢺ㛫ᕪࡀᏑᅾࡋ㸪ࣟࢵ
ࢺ࡟ࡼࡗ࡚ࡣ୍㒊ࡢศᏊ✀ࡢ㓝⣲άᛶࡀⴭࡋࡃప࠸ࣟࢵࢺ࡞࡝ࡀᏑᅾࡍࡿ࡞࡝㸪ࣄࢺ⫢⣽⬊ࣔࢹ
ࣝ࡜ࡋ࡚㸪ヨ㦂⣔ࡢࣂࣛࢶ࢟ࢆ⏕ࡳฟࡍせᅉ࡜࡞ࡾ࠺ࡿࡓࡵ㸪๰⸆ึᮇࡢࢫࢡ࣮ࣜࢽࣥࢢ⣔ࡢᵓ
⠏࡞࡝࡬ࡢ㐺⏝ࡢ㝿࡟ࡣࡑࡢⅬࢆ⪃៖ࡍࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬HepaRG ⣽⬊ࡣᰴ໬ࡉࢀࡓ
⣽⬊࡛࠶ࡿࡓࡵ㸪ಶయᕪ࡟ࡼࡿࣟࢵࢺ㛫ᕪࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࡀ㸪〇㐀ඖ࠿ࡽࡢศ໬㐣⛬ࢆ⤒࡚
౪⤥ࡉࢀࡿࡇ࡜࠿ࡽ㸪౪⤥ࣟࢵࢺࡀᏑᅾࡍࡿ㸬ࡲࡎ 3 ࣟࢵࢺศࡢ HepaRG ⣽⬊࡟ࡘ࠸࡚㸪CYP6
ศᏊ✀㸦CYP1A2㸪CYP2B6㸪CYP2C9㸪CYP2C19㸪CYP2D6㸪CYP3A4㸧㸪ᢪྜ㓝⣲ 2ศᏊ✀㸦UGT㸪
SULT㸧࡟ࡘ࠸࡚㸪⸆≀௦ㅰ㓝⣲άᛶࢆ ᐃࡋ㸪ࣄࢺ෾⤖⫢⣽⬊㸦3ࣟࢵࢺ㸧ࡢάᛶ್㸪HepG2⣽
⬊ࡢάᛶ್࡜ẚ㍑ࡋࡓ㸬ࡑࡢ⤖ᯝ㸪ࣄࢺ෾⤖⫢⣽⬊࡟ࡘ࠸࡚ࡣࣟࢵࢺ㸦ಶయ㸧࡟ࡼࡾ⸆≀௦ㅰ㓝
⣲άᛶ࡟ᕪࡀㄆࡵࡽࢀࡓ㸬ࡲࡓࣟࢵࢺ࡟ࡼࡗ࡚ࡣ୍㒊ࡢศᏊ✀࡟ࡘ࠸࡚㸪άᛶ್ࡀㄆࡵࡽࢀ࡞࠸
࡜࠸࠺⤖ᯝ࡛࠶ࡗࡓ㸦Fig. 2-4㸧㸬ࡉࡽ࡟ከࡃࡢ⸆≀௦ㅰ࡟ᐤ୚ࡋ㔜せ࡞ศᏊ✀࡛࠶ࡿ CYP3A4࡟
ࡘ࠸࡚ࡣ㸪᭱ࡶάᛶࡀ㧗࠸ࣟࢵࢺ㸦lot YEM㸧࡜㸪ప࠸ࣟࢵࢺ㸦lot SHM㸧࡜ࡢᕪࡀ⣙ 200ಸ⛬ᗘ
࠶ࡾ㸪ᆒ㉁࡞ヨ㦂⣔ࡢᵓ⠏࡟౑⏝ࡍࡿሙྜ࡟ࡣࡸࡣࡾ␃ពࡀᚲせ࡛࠶ࡿࡇ࡜ࡀ⪃࠼ࡽࢀࡓ㸬࡞࠾
௒ᅇ౑⏝ࡋࡓ෾⤖⫢⣽⬊ 3 ࣟࢵࢺࡢ⸆≀௦ㅰ㓝⣲άᛶࡣ㸪㉎ධඖࡢ࣓࣮࣮࢝ࡢ Certificate of 
analysis࡟グ㍕ࡢ㓝⣲άᛶ್ࡢ⤖ᯝ࠿ࡽ㸦ᐇ㦂ࡢ㒊㸪Supplemental tableཧ↷㸧㸪22ࣟࢵࢺศࡢάᛶ
್ࡢྛศᏊ✀ࡢᖹᆒ್࡟㚷ࡳ࡚ࡶ㸪኱ࡁࡃࡣ೫ࡾࡣ࡞࠸άᛶ್ࡢࣉࣟࣇ࢓࢖ࣝࢆ♧ࡍ 3ࣟࢵࢺ࡛
࠶ࡗࡓ㸬HepG2 ⣽⬊࡟ࡘ࠸࡚ ᐃࡋࡓ௦ㅰ㓝⣲άᛶࡢ⤖ᯝ࠿ࡽࡣ᪤ሗࡢ㏻ࡾ㸦Wilkening et al., 
2003; Westerink et al., 2007 (a)㸧㸪࡯࡜ࢇ࡝ࡢศᏊ✀ࡢ⸆≀௦ㅰ㓝⣲࡟ࡘ࠸࡚ࡣࣄࢺ෾⤖⫢⣽⬊࡟ẚ
㍑ࡋ㸪άᛶࡀⴭࡋࡃప࠸ࡲࡓࡣ㸪᳨ฟୗ㝈௨ୗ࡛࠶ࡗࡓ㸬SULT ࡢάᛶ࡟ࡘ࠸࡚ࡣ㸪ࣄࢺ෾⤖⫢
⣽⬊ࡢάᛶ್࡜ྠ➼ࡢάᛶ್ࢆ♧ࡋ㸪ᮏ⤖ᯝࡶ᪤ሗࡢ㏻ࡾ࡛࠶ࡗࡓ㸦Wilkening et al., 2003;
Westerink et al., 2007 (b)㸧㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ HepG2⣽⬊ࡣ㏻ᖖࡢ༢ᒙᇵ㣴࡛⏝࠸ࡿሙྜࡣࡸࡣࡾ
⸆≀௦ㅰ㓝⣲άᛶࡣపࡃ㸪௦ㅰࢆ௓ࡋࡓẘᛶࡢホ౯࡬ࡢ㐺⏝ࡣ㞴ࡋ࠸ࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬
 ᐃࡋࡓ 3ࣟࢵࢺศࡢ HepaRG⣽⬊ࡢ⸆≀௦ㅰ㓝⣲άᛶ್ࡢ⤖ᯝ࠿ࡽ㸪☜ㄆࡋࡓࡍ࡭࡚ࡢศᏊ
✀࡟ࡘ࠸࡚㸪ⴭࡋ࠸ప࠸άᛶ್࡞࡝ࡣㄆࡵࡽࢀࡎ㸪࡝ࡢศᏊ✀࡟ࡘ࠸࡚ࡶࣄࢺ෾⤖⫢⣽⬊࡜ྠ➼
࠿ࡲࡓࡣࡑࢀ௨ୖࡢάᛶ್ࢆ♧ࡋࡓ㸬☜ㄆࡋࡓ 3ࣟࢵࢺ࡟ࡘ࠸࡚㸪᭱ࡶࣟࢵࢺ㛫ᕪࡀㄆࡵࡽࢀࡓ
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ࡢࡣ CYP2B6㸪CYP2C9 ࡢ⣙ 5 ಸ⛬ᗘ࡛࠶ࡾ㸪ࣄࢺ෾⤖⫢⣽⬊ࡼࡾࡶࣟࢵࢺ㛫ᕪࡀᑡ࡞ࡃ㸪Ᏻᐃ
ࡋࡓホ౯⣔࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬୺せ࡞௦ㅰ㓝⣲࡛࠶ࡿ CYP3A4࡟ࡘ࠸࡚ࡣ㸪⣙ 1.9ಸ⛬ᗘ
ࡢάᛶ್ࡢᕪࡀㄆࡵࡽࢀࡓ㸦Table 2-2㸧㸬ࡇࢀࡽࡢάᛶ್ࡢᕪࡣࣄࢺ෾⤖⫢⣽⬊࡛ㄆࡵࡽࢀࡓࣟࢵ
ࢺ㛫ᕪࡼࡾࡣᑠࡉ࠿ࡗࡓࡶࡢࡢ㸪ศᏊ✀࡟ࡼࡗ࡚ࡣ⸆≀௦ㅰ࡬ࡢᐤ୚⋡ࡀ㧗࠸ࡶࡢࡶ࠶ࡾ㸪ࡲࡓ
ึᮇࡢࢫࢡ࣮ࣜࢽࣥࢢࡢ㝿࡟ࡣ㸪໬ྜ≀ࡢ௦ㅰ࡟ᐤ୚ࡍࡿ㓝⣲ࡢศᏊ✀ࡶ᫂ࡽ࠿࡟࡞ࡗ࡚࠸࡞࠸
ࡇ࡜ࡀ࠶ࡿሙྜࡶከ࠸ࡓࡵ㸪ヨ㦂⣔ᵓ⠏ࡢ㝿࡟౑⏝ࣟࢵࢺࡀኚࢃࡿሙྜࡣ␃ពࡀᚲせ࡛࠶ࡿࡇ࡜
⪃࠼ࡽࢀࡿ㸬HepaRG ⣽⬊࡟ࡘ࠸࡚ከᑡ࡛ࡣ࠶ࡿࡀ౪⤥ࣟࢵࢺ࡟ࡼࡾάᛶ್ࡢᕪࡀㄆࡵࡽࢀࡓཎ
ᅉ࡟ࡘ࠸࡚ࡣ᫂☜࡟ࡣ୙࡛᫂࠶ࡿࡀ㸪ศ໬ࡢࡓࡵ๓ᇵ㣴㐣⛬࡟࠾࠸࡚㸪ࣂࢵࢳ㛫ᕪࡀ⏕ࡌࡓྍ⬟
ᛶࡀ⪃࠼ࡽࢀࡿ㸬 HepaRG⣽⬊ࡢ CYP2D6ࡢάᛶ࡟ࡘ࠸࡚ࡣ㸪ሗ࿌࡟࠶ࡿࡼ࠺࡟㸪ࢻࢼ࣮ࡢಶయ
࡟⏤᮶ࡍࡿ poor metabolizer࡛࠶ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡀ㸦Gripon et al., 2002; Guillouzo et al., 2007㸧㸪
௒ᅇࡢ HepaRG ⣽⬊ࡢάᛶ ᐃࡢ⤖ᯝ࡛ࡣ CYP2D6 ࡢᇶ㉁࡛࠶ࡿ bufuralol ࡢ௦ㅰ≀࡛࠶ࡿ
1-hydroxybufuralolࡢ⏕ᡂࡣㄆࡵࡽࢀ㸪άᛶ್ࡣࣄࢺ෾⤖⫢⣽⬊࡜ྠ➼࡛ࣞ࣋ࣝ࠶ࡗࡓ㸬௒ᅇࡢ 
ᐃࡢ⤖ᯝࢆ⣽⬊ᩘ⿵ṇࡋࡓ⤖ᯝࡣ 0.514 – 1.03 pmol/min/106cells㸦ᇶ㉁⃰ᗘ㸸5 Pmol/L bufuralol㸧
࡛࠶ࡗࡓ㸬ྠࡌᇶ㉁ࢆ⏝࠸ࡓሗ࿌࡛ࡣ⣙ 3.0 pmol/min/106cells㸦ᇶ㉁⃰ᗘ㸸25 Pmol/L bufuralol㸧࡜
࠸࠺⤖ᯝ࡛࠶ࡾ㸦Lübberstedt et al., 2011㸧㸪ᇶ㉁⃰ᗘࡢ㐪࠸ࢆ⪃៖ࡍࡿ࡜㸪௒ᅇࡢ HepaRG⣽⬊ࡢ
⤖ᯝࡣᙜヱሗ࿌࡜ྠ➼ࣞ࣋ࣝࡢάᛶ࡛࠶ࡿ࡜ᛮࢃࢀࡿ㸬ࡲࡓྠሗ࿌࡛ࡣ☜ㄆࡋࡓࣄࢺึ௦⫢⣽⬊
࡜ HepaRG⣽⬊ࡢ BufuralolỈ㓟໬άᛶࡣྠ➼࡛ࣞ࣋ࣝ࠶ࡗࡓ࡜ሗ࿌ࡋ࡚࠸ࡿ㸬Phase II௦ㅰ㓝⣲
࡟ࡘ࠸࡚ࡣ HepaRG⣽⬊ࡢࢢࣝࢡࣟࣥ㓟ᢪྜάᛶཬࡧ◲㓟ᢪྜάᛶඹ࡟ࣄࢺ෾⤖⫢⣽⬊ࡢάᛶࡼ
ࡾࡶ㧗࠿ࡗࡓࡇ࡜࠿ࡽ㸪ᢪྜ௦ㅰ࡟ࡼࡾゎẘࡉࢀࡿ໬ྜ≀࡟ࡘ࠸࡚ࡣࡑࡢẘᛶホ౯࡟ࡣ␃ពࡀᚲ
せ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬
ศ໬ࡉࡏࡓ HepaRG⣽⬊ࡣࣄࢺ෾⤖⫢⣽⬊࡜ྠ➼ࣞ࣋ࣝࡢ⸆≀௦ㅰ⬟ࢆಖ᭷ࡋ࡚࠸ࡓࡀ㸪ࡑࡢ
HepaRG ⣽⬊ࡢ⣽⬊ẘᛶࡢឤᗘࢆ☜ㄆࡍࡿࡓࡵ㸪௦ㅰⓗάᛶ໬࡛ẘᛶࢆⓎ⌧ࡍࡿࡇ࡜ࡀ▱ࡽࢀࡿ
௦⾲ⓗ࡞⫢ẘᛶ≀㉁ࢆ⏝࠸࡚㸪⣽⬊ẘᛶホ౯ࢆ⾜࠸㸪ࣄࢺ෾⤖⫢⣽⬊ࡢឤᗘ࡜ẚ㍑ࡋࡓ㸬ࡑࡢ⤖
ᯝホ౯ࡋࡓ 5 ✀ࡢ໬ྜ≀࡟ࡘ࠸࡚ HepaRG ⣽⬊ࡣࣄࢺ෾⤖⫢⣽⬊࡜ྠ➼௨ୖࡢឤཷᛶ࡛࠶ࡗࡓ㸬
ࣄࢺ෾⤖⫢⣽⬊࡟ࡘ࠸࡚ࡣ㸪CYP3A4㸪CYP1A2㸪CYP2B6㸪CYP2C9 ࡞࡝ࡢάᛶࡢ᭱ࡶ㧗࠿ࡗࡓ
ࣟࢵࢺ㸦YEM㸧࡟ࡘ࠸࡚㸪ྛ௦ㅰ㓝⣲࡟ࡼࡾ௦ㅰⓗάᛶ໬ࡀẘᛶⓎ⌧࡟㛵୚ࡍࡿࡇ࡜࡛▱ࡽࢀࡿ
AFB1ࡸ CPAࡢ⣽⬊ẘᛶࡢឤཷᛶࡀ᭱ࡶ㧗ࡃ㸦Fig. 3㸧㸪௦ㅰⓗάᛶ໬ࡢᙳ㡪ࢆ࡜ࡽ࠼ࡽࢀ࡚࠸ࡿ
ࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬AFB1ཬࡧ CPA࡟ᑐࡍࡿ HepaRG⣽⬊ࡢ⣽⬊ẘᛶࡢឤཷᛶࡣࡇࡢ᭱ࡶάᛶࡀ
㧗࠿ࡗࡓࣟࢵࢺ࡜ྠ➼ࣞ࣋ࣝࡢឤཷᛶ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓ㸬TAM࡟ࡘ࠸࡚ࡣ CYP2D6㸪CYP2C9㸪
CYP3A4㸪CYP2B6㸪CYP2C19 ࡞࡝࡟ࡼࡗ࡚⏕ᡂࡉࢀࡿ 4-hydroxy-TAM ࡀẘᛶⓎ⌧࡟㛵୚ࡍࡿࡇ
࡜࡛▱ࡽࢀ࡚࠸ࡿࡀ㸦Moorthy et al., 1996; Crewe et al., 1997; Jena et al., 2015㸧㸪TAM࡟ࡘ࠸࡚ࡶ㸪
HepaRG⣽⬊࡜ࣄࢺ෾⤖⫢⣽⬊ࡢ⣽⬊ẘᛶࡣྠ➼࡛ࣞ࣋ࣝ࠶ࡗࡓ㸬᭱ ࡶࣄࢺ෾⤖⫢⣽⬊࡜ HepaRG
⣽⬊࡛ឤཷᛶࡀ␗࡞ࡗࡓࡢࡣ TGZ࡬ࡢឤཷᛶࡢ㐪࠸࡛࠶ࡾ㸪ࣄࢺ෾⤖⫢⣽⬊࡛ࡣ 3ࣟࢵࢺ࡜ࡶ᭱
㧗⃰ᗘࡢ 100 Pmol/L࡛⣽⬊㞀ᐖᛶࡀㄆࡵࡽࢀ࡞࠿ࡗࡓࡢ࡟ᑐࡋ࡚㸪HepaRG⣽⬊࡛ࡣ 100 Pmol/L
࡛࡯࡜ࢇ࡝Ṛ⁛ࡋ࡚࠸ࡿ㸦Cell viability: 0.3%㸧࡜࠸࠺⤖ᯝ࡛࠶ࡗࡓ㸦Fig. 3㸧㸬ࡇࡢ⤖ᯝࡢ㐪࠸࡟
ࡘ࠸࡚ヲ⣽ࡢ᳨ウࡣᮍᐇ᪋࡛ࡣ࠶ࡿࡀ㸪HepaRG⣽⬊ࡣ SULTࡢ௦ㅰάᛶࡀ㧗࠿ࡗࡓࡀ㸪TGZࡣ
ẘᛶⓎ⌧࡟㸪CYP࡟ࡼࡿ௦ㅰάᛶ໬ࡢࡳ࡞ࡽࡎ㸪◲㓟ᢪྜయࡢ⣽⬊ẘᛶࡶ▱ࡽࢀࡿࡓࡵ㸦Funk et 
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al., 2001; Saha et al., 2010㸧㸪ࡑࡢᙳ㡪ࡢྍ⬟ᛶࡶ⪃࠼ࡽࢀࡓ㸬
⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒࡣ㸪ẘᛶࡢⓎ⌧ᶵᗎゎᯒࡢᡭἲࡢ୍ࡘ࡛࠶ࡾ㸪⫢ẘᛶࡀⓎ⌧ࡋࡓ㝿
ࡶ㸪in vitroࡸ in vivoࡢヨ㦂⣔ࢆ⏝࠸࡚໬ྜ≀࡟㉳ᅉࡍࡿ㑇ఏᏊⓎ⌧ࡢኚືࢆゎᯒࡋ㸪ẘᛶⓎ⌧࡟
㛵୚ࡍࡿ㑇ఏᏊ⩌ࡸ㸪άᛶ໬ཪࡣᢚไࡉࢀ࡚࠸ࡿࣃࢫ࢙࢘࢖ࢆゎᯒࡋ㸪ࡑࡢ⫢ẘᛶⓎ⌧ࡢᶵᗎゎ
᫂࡟࠶ࡓࡿ㸬ᮏ◊✲࡛ࡶ HepaRG⣽⬊ࡀࡇࡢࡼ࠺࡞㑇ఏᏊⓎ⌧ኚືゎᯒ࡟᭷⏝࡞⣽⬊⣔࡛࠶ࡿ࠿
ࢆ☜ㄆࡍࡿࡓࡵࡢ᳨ウࢆ⾜ࡗࡓ㸬໬ྜ≀࡜ࡋ࡚ࡣ AFB1ཬࡧ CPA࡜࠸࠺ඹ࡟௦ㅰⓗάᛶ࡟ࡼࡾ⏕
ᡂࡉࢀࡿ཯ᛂᛶ௦ㅰ≀ࡀ DNA㞀ᐖࢆᘬࡁ㉳ࡇࡋ㸪p53ࢩࢢࢼࣝࡀάᛶ໬ࡍࡿ࡜࠸࠺࣓࢝ࢽࢬ࣒᪤
▱ࡢ໬ྜ≀ࢆ⏝࠸࡚ホ౯ࡋࡓ㸬ẚ㍑ᑐ㇟࡜ࡋ࡚ࡣ㑇ఏᏊⓎ⌧ゎᯒ࡟ỗ⏝ⓗ࡟ࡋࡼ࠺ࡉࢀࡿ HepG2
⣽⬊ࢆ⏝࠸ࡓ㸬ࡑࡢ⤖ᯝ⸆≀௦ㅰ㓝⣲άᛶࡀࡼࡾ㧗࠸ HepaRG࡛ HepG2࡟ẚ࡭࡚ࡼࡾከࡃࡢ p53
㛵㐃㑇ఏᏊࡀኚືࡋ࡚࠾ࡾ㸪p53 ࢩࢢࢼࣝࣃࢫ࢙࢘࢖ࡀάᛶ໬ࡉࢀ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬ࡇ
ࢀࡽࡢࡇ࡜࠿ࡽ HepaRG࡟࠾࠸࡚ࡣ௦ㅰⓗάᛶ໬ࢆ࠺ࡅ཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࡀ⏕ᡂࡉࢀ㸪DNA㞀
ᐖࢆᘬࡁ㉳ࡇࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬HepG2⣽⬊࡟࠾࠸࡚ࡶ୍㒊 p53㛵㐃㑇ఏᏊࡀኚືࡋ࡚
࠸ࡓࡀ㸪HepaRG ࡟࠾࠸࡚ࡼࡾప⃰ᗘ࠿ࡽከࡃࡢ㑇ఏᏊࡀኚືࡋ࡚࠾ࡾ㸪ឤᗘࡼࡃ㑇ఏᏊኚືࢆ
ᤊ࠼ࡿࡇ࡜ࡀ࡛ࡁ࡚࠸ࡓ㸬ࡇࢀࡽࡢࡇ࡜࠿ࡽ HepaRGࡣ௦ㅰⓗ࡟άᛶ໬࡟ࡼࡾⓎ⌧ࡍࡿẘᛶࢆࡼ
ࡾឤᗘࡼࡃᤊ࠼ࡿࡇ࡜ࡀ࡛ࡁࡿࡇ࡜ࢆ㑇ఏᏊ࡛ࣞ࣋ࣝࡶ☜ㄆ࡛ࡁࡓ㸬
ࡇࡇࡲ࡛ࡢ᳨ウ⤖ᯝ࠿ࡽ HepaRGࡣ⸆≀௦ㅰ⬟ࡀ㧗ࡃ㸪⣽⬊ẘᛶホ౯㸪⣽⬊ẘᛶⓎ⌧ࡢ࣓࢝ࢽ
ࢬ᳨࣒ウ࡞࡝࡟౑⏝࡛ࡁࡿ⣽⬊⣔࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࡀ㸪ẘᛶⓎ⌧࡟⸆≀௦ㅰ⬟ࡀ㛵୚ࡋ࡚
࠸ࡿ࠿ྰ࠿ࢆ᳨ウࡍࡿࡓࡵ㸪ࡼࡾヲ⣽ࡢ᳨ウࢆ⾜ࡗࡓ㸬ࡲࡎ CYP࡟ࡼࡿ௦ㅰⓗ࡞άᛶ໬ࡀẘᛶⓎ
⌧࡟㛵୚ࡋ࡚࠸ࡿ࠿ࢆ᳨ウࡍࡿࡓࡵ㸪CYP ࡢ㠀≉␗ⓗ࡞㜼ᐖ๣ࡢ ABT ࢆ⏝࠸࡚ HepaRG⣽⬊࡛
ࡢ㜼ᐖ᮲௳ࢆ᳨ウ࣭☜❧ࡋࡓ㸬ࡑࡢ᮲௳࡟࠾࠸࡚ ABT ฎ⌮ࡍࡿ࡜㸪AFB1 ཬࡧ CPA ࡟ࡼࡗ࡚ᘬ
ࡁ㉳ࡇࡉࢀࡿ⣽⬊ẘᛶࡀⴭࡋࡃῶᙅࡋ㸪ẘᛶⓎ⌧࡟ CYP࡟ࡼࡿ௦ㅰⓗ࡞άᛶ໬࡟ࡼࡿẘᛶⓎ⌧ࢆ
HepaRG⣽⬊࡛ᤊ࠼ࡿࡇ࡜ࡀ࡛ࡁ࡚࠸ࡓ㸬
ࡇࡢࡼ࠺࡞⣽⬊㞀ᐖᛶࢆ♧ࡍ཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࡣ⏕యࡢ GSH ࡟ࡼࡾᢪྜࡉࢀゎẘࡍࡿࡇ࡜
ࡀ▱ࡽࢀ࡚࠸ࡿࡀࡑࢀࡽࡢ GSH࡟ࡼࡿゎẘࡢᙳ㡪ࢆホ౯ࡍࡿࡓࡵ㸪⣽⬊୰ GSHࢆᯤῬࡉࡏࡓ⣽
⬊ホ౯⣔ࡢస〇ࢆ᳨ウࡋࡓ㸬GSHࡢ๓㥑≀㉁ࡢ⏕ྜᡂࡢ㜼ᐖ๣࡛࠶ࡿ BSOࢆ⏝࠸࡚㸪HepaRG⣽
⬊࡛ࡢ᮲௳ࢆ᳨ウࡋ㸪GSH ࢆᯤῬࡉࡏࡓ⣽⬊⣔ࢆᵓ⠏ࡋࡓ㸬ࡇࡢࣔࢹࣝࢆ⏝࠸࡚㸪AFB1㸪CPA
ཬࡧ APAPࡢ⣽⬊ẘᛶࢆホ౯ࡋࡓ࡜ࡇࢁ㸪ࡼࡾ㧗ឤᗘ࡟ࡇࢀࡽࡢ໬ྜ≀ࡢẘᛶࢆᤊ࠼ࡿࡇ࡜ࡀ࡛
ࡁ㸪HepaRG ⣽⬊ࡢ⣔࡛཯ᛂᛶ௦ㅰ≀࡟ࡼࡿẘᛶࡢᐤ୚ࡀ☜ㄆࡍࡿࡇ࡜ࡀ࡛ࡁࡓ㸬ࡇࢀࡽࡢホ౯
⣔ࡣ௦ㅰⓗάᛶ໬࡟ࡼࡾ཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࡀ⏕ᡂࡋ⫢㞀ᐖᛶࢆ♧ࡍ໬ྜ≀ࡢ࣏ࢸࣥࢩࣕࣝཬ
ࡧࡑࡢᐤ୚ࢆホ౯࡛ࡁ㸪⣽⬊㞀ᐖᛶࢆ♧ࡍ཯ᛂᛶࡢ㧗࠸௦ㅰ≀ࢆ⏕ᡂࡍࡿࣜࢫࢡࡢࡼࡾᑡ࡞࠸໬
ྜ≀ࢆ㑅ฟࡍࡿࡓࡵࡢ㧗ឤᗘ࡞ࢫࢡ࣮ࣜࢽࣥࢢ⣔࡜ࡋ࡚᭷⏝࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ㸬
་⸆ရࡣ⏕యෆ࡛✀ࠎࡢ⸆≀௦ㅰ㓝⣲࡟ࡼࡾᵝࠎ࡞௦ㅰࢆཷࡅ࡚࠸ࡿ㸬⫢ẘᛶࡢⓎ⌧࡟ࡶ௦ㅰ
⤒㊰ࡢᐤ୚ࡀ⪃࠼ࡽࢀࡿ㸬HepaRG ࢆ⏝࠸࡚ APAP ࡢẘᛶⓎ⌧࡟ᑐࡋ࡚ྛ✀㜼ᐖ๣ࢆࡶࡕ࠸࡚ࡑ
ࡢᙳ㡪ࢆホ౯ࡋࡓ࡜ࡇࢁ㸪APAP ࡢ᪤▱ࡢ௦ㅰ⤒㊰࡟ᚑ࠸㸪௦ㅰάᛶ໬㸪ᢪྜゎẘ࡟ࡼࡿᙳ㡪ࢆ
ホ౯ࡍࡿࡇ࡜ࡀ࡛ࡁࡓ㸬ࡇࡢࡼ࠺࡞ᙧ࡛ HepaRG⣽⬊⏝࠸࡚ྛ✀㜼ᐖ๣ࢆຍ࠼ࡿࡇ࡜࡟ࡼࡾ㸪໬
ྜ≀ࡢẘᛶⓎ⌧࡟ᑐࡍࡿྛ✀௦ㅰ㓝⣲ࡢᐤ୚࡟ࡘ࠸᳨࡚ウࡍࡿࡇ࡜ࡣ㸪ྛ໬ྜ≀ࡢ௦ㅰ≀ࡀ࡝ࡢ
41
ࡼ࠺࡟ẘᛶⓎ⌧࡟㛵ࢃࡿ࠿ࢆண ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ᭷⏝࡞ࢶ࣮ࣝ࡟࡞ࡾ࠺ࡿ࡜⪃࠼ࡽࢀࡿ㸬௒ᅇ
ࡢ᳨ウ࡛ࡣ CYPࡢ㠀㑅ᢥⓗ࡞㜼ᐖ๣ࢆ⏝࠸࡚⥙⨶ⓗ࡟ CYPࡢᙳ㡪ࢆホ౯ࡍࡿࡇ࡜ࡶྍ⬟ࡔࡀ㸪
⤠ࡽࢀࡓ㛤Ⓨೃ⿵໬ྜ≀࡟ࡘ࠸࡚㸪ẘᛶⓎ⌧࡟㛵ࢃࡿ௦ㅰ≀ࡢ⏕ᡂ࡟㛵ࢃࡿศᏊ✀ࡢ᥎ᐃ࡞࡝࡟
ࡣྛ✀ศᏊ✀ࡢ㜼ᐖ๣࡞࡝ࢆ౑⏝ࡋ㸪ࡑࡢᙳ㡪ࢆホ౯ࡍࡿࡇ࡜ࡶ᭷⏝࡞ᡭἲ࡛࠶ࡾ㸪ࡇࡢࡼ࠺࡞
ホ౯࡟ࡶ HepaRG⣽⬊ࢆ౑⏝ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ࡜⪃࠼ࡽࢀࡿ㸬
๰⸆◊✲࡟࠾ࡅࡿึᮇࡢ໬ྜ≀᥈⣴ࡢࡓࡵࡢẘᛶࢫࢡ࣮ࣜࢽࣥࢢ࡟࠾࠸࡚ࡣᐇ㦂㛫ᕪ㸪ࣂࢵࢳ
㛫ᕪࡀᑡ࡞࠸Ᏻᐃ࡛ᆒ㉁࡞ホ౯⣔ࡀᮃࡲࢀࡿ㸬ಶయ㛫ᕪ࡟ࡼࡿࣟࢵࢺ㛫ᕪࡀ࠶ࡿࣄࢺ⫢⣽⬊ࡣಶ
య࡟ࡼࡿᕪࡀẘᛶⓎ⌧࡟࡝࠺ᙳ㡪ࡍࡿ࠿ࢆホ౯ࡍࡿࡓࡵࡢࢶ࣮ࣝ࡜ࡋ࡚ࡢ᭷⏝ᛶ࡟㛵ࡍࡿሗ࿌
ࡶ࠶ࡾ㸦Utkarsh et al., 2016; Parmentier et al., 2018㸧㸪㧗ḟࡢホ౯⣔࡜ࡋ࡚㠀ᖖ࡟᭷⏝࡛ࡣ࠶ࡿ࡜⪃
࠼ࡽࢀࡿࡀ㸪ᆒ㉁࡞ホ౯⣔ࡀᚲせ࡞๰⸆ࡢึᮇẁ㝵ࡢࢫࢡ࣮ࣜࢽࣥࢢ⣔࡟࠾࠸࡚ࡣᏳᐃⓗ࡞ホ౯
⣔ࡀᮃࡲࢀ㸪HepaRG ⣽⬊ࡢ᪉ࡀ㐺⏝ࡋࡸࡍ࠸࡜ᛮࢃࢀࡿ㸬ࡑࡢࡼ࠺࡞ホ౯⣔ࢆ┠ⓗ࡟ᛂࡌ࡚౑
࠸ศࡅࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿ㸬ࡲࡓ HepaRG⣽⬊ࡣ㛗ᮇ㛫ࡢᇵ㣴ࡶྍ⬟࡛࠶ࡿࡇ࡜࠿ࡽ㸪㛗ᮇ཯᚟
ẘᛶヨ㦂ࡢࢹࢨ࢖ࣥࢆ᝿ᐃࡋࡓ㛗ᮇ㛫᭚㟢ࡢヨ㦂ࡢሗ࿌ࡶ࠶ࡾ㸦Teng et al., 2015; Pomponio et al., 
2015㸧㸪㛗ᮇ᭚㟢࡛ࡢࡳⓎ⌧ࡍࡿẘᛶࡸ㸪㛗ᮇ᭚㟢࡛⏕ᡂࡍࡿ௦ㅰ≀࡟ࡼࡿᙳ㡪ࢆホ౯࡛ࡁࡿ in 
vitroࡢホ౯⣔ࡢᵓ⠏࡟ࡶ HepaRG⣽⬊ࡣ᭷⏝࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬
௨ୖ㸪ᮏ◊✲࡟ࡼࡾ㸪HepaRG ⣽⬊ࢆ⏝࠸ࡓ⫢⣽⬊ᇵ㣴⣔ࡣ㸪⫢ẘᛶ≀㉁ࡢ௦ㅰⓗάᛶ໬ࢆ௓
ࡋ࡚Ⓨ⌧ࡍࡿẘᛶࢆ᳨ฟࡍࡿࡇ࡜ࡀ࡛ࡁ㸪௦ㅰ≀ࡢᙳ㡪ࢆホ౯ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࣄࢺ⫢⣽⬊ࣔࢹ
ࣝ⣔࡜ࡋ࡚᭷⏝࡛࠶ࡿࡇ࡜ࢆ♧ࡋࡓ㸬ࡇࡢホ౯⣔ࢆ⏝࠸ࡿࡇ࡜࡟ࡼࡾࣄࢺ࡟࠾ࡅࡿ⫢㞀ᐖᛶࡢ࣏
ࢸࣥࢩࣕࣝண ࡸ་⸆ရ㛤Ⓨೃ⿵ရࡢẘᛶⓎ⌧ᶵᗎࡢゎᯒ࡞࡝࡟᭷⏝࡞࢔ࣉ࣮ࣟࢳ࡜࡞ࡾᚓࡿ
࡜⪃࠼ࡽࢀࡿ㸬ࡉࡽ࡟ࡣ㸪๰⸆ࡢึᮇẁ㝵࡟࠾ࡅࡿẘᛶࢫࢡ࣮ࣜࢽࣥࢢࡢ୰࡛㸪ࡼࡾ⫢ẘᛶࣜࢫ
ࢡࡢᑡ࡞࠸་⸆ရ㛤Ⓨೃ⿵ရࡢ㑅ᐃ࡟ࡶ㈉⊩࡛ࡁࡿ࡜⪃࠼ࡽࢀࡿ㸬
᭱ᚋ࡟ᮏ◊✲ࢆዎᶵࡢ୍ࡘ࡟㸪⫢ẘᛶࣜࢫࢡࡢ࡞࠸་⸆ရ㛤Ⓨೃ⿵ရࡢຠ⋡ⓗ࡞㑅ฟ࡟ࡼࡾ๰
⸆ຠ⋡ࡢྥୖ㸪࠾ࡼࡧ⸆๣ㄏⓎᛶ⫢㞀ᐖ࡞࡝ࡢ๪స⏝ࡢ࡞࠸་⸆ရࡢ๰〇࡟ࡘ࡞ࡀࡿࡇ࡜ࡀᮇᚅ
ࡍࡿ㸬
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1. ヨ⸆
Sigma-Aldrich
acetaminophen, cyclophosphamide, 7-hydroxycoumarin, 7-hydroxycoumarin-glucuronide, diclofenac, 
caffeine, niflumic acid, 1-aminobenzotriazole, L-buthionine-sulfoximine, acetaminophen-sulfate,
acetaminophen-glucuronide㸸
ᐩኈࣇ࢕࣒ࣝ࿴ග⣧⸆ᰴᘧ఍♫
aflatoxin B1, tamoxifen, phenacetin, midazolam, salicylamide, acetonitrile, methanol, DMSO
Corning Gentest
މ-K\GUR[\GLFORIHQDFމ-hydroxyl midazolam, 7-hydroxycoumarin-sulfate
Toronto Research Chemicals
މ-hydroxy mephenytoin, hydroxyl bupropion, bupropion
ఫ໬ศᯒࢭࣥࢱ࣮
bXIXUDOROމ-hydroxybufuralol
Enzo Life Sciences, Inc.
S-mephenytoin, troglitazone
2. ᶵჾ
LC-MS/MS㸸HPLC; ACQUITY UPLC (Waters), MS/MS; API4000 (Sciex)
Multilabel Counter (1420 ARVO SX, PerkinElmer)
SpectraMax Plus (Molecular Devices, LLC).
NanoDrop ND-1000 spectrophotometer (Asahi Glass Co.,Ltd.)
SpectraMax Plus (Molecular Devices, LLC).
2100 Bioanalyzer (Agilent Technologies)
GeneChip® Fluidics Station 450 (Affymetrix). 
GeneChip® Scanner 3000 (Affymetrix)
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3. ⣽⬊ᇵ㣴
3.1 HepaRG⣽⬊
⣽⬊㸸HepaRG®㸦෾⤖ࣂ࢖࢔ࣝ㸪BIOPREDIC INTERNATIONAL㸧
ᇵᆅ㸸
⣽⬊᧛✀᫬㸸Medium 670 (BIOPREDIC INTERNATIONAL)
๓ᇵ㣴㸦ศ໬ㄏᑟ㸧᫬㸸Medium 620 (BIOPREDIC INTERNATIONAL)
໬ྜ≀᭚㟢᫬㸸Medium 640 (BIOPREDIC INTERNATIONAL)
HepaRG⣽⬊㸦෾⤖ࣂ࢖࢔ࣝ㸧ࢆ㸪 Medium 670ࢆ⏝࠸࡚⼥ゎࡋࡓᚋ㸪7.2104 cells/0.1 mL࡟
ㄪ〇ࡋ㸪100 ȝL/wellࡎࡘࢥ࣮ࣛࢤࣥࢥ࣮ࢺ 96࢙࢘ࣝࣉ࣮ࣞࢺ࡟᧛✀ࡋࡓ㸦Day 0㸧㸬CO2࢖ࣥ࢟ࣗ
࣮࣋ࢱ࣮㸦37°C㸪5% CO2㸧࡛ᇵ㣴ࡋ㸪Day 1࡟Medium 620࡟඲㔞ᇵᆅ஺᥮ᚋ㸪1ᅇ/1㹼3᪥࡛ᇵ
ᆅ஺᥮ࡋ㸪6᪥㛫ศ໬ᇵ㣴ࡋࡓ㸬
3.2 ࣄࢺ෾⤖⫢⣽⬊
⣽⬊㸸Cryopreserved Human Hepatocyte㸦Plateable㸪BioreclamationIVT㸧Lot No. SHM, CPQ, YEM
ᇵᆅ㸸CP Medium® with Torpedo Antibiotic Mix® (1:45, v/v)
ࣄࢺ෾⤖⫢⣽⬊ࢆ㸪 ᇵᆅࢆ⏝࠸࡚⼥ゎࡋࡓᚋ㸪3.5104 cells/0.1 mL࡟ㄪ〇ࡋ㸪100 ȝL/wellࡎ
ࡘࢥ࣮ࣛࢤࣥࢥ࣮ࢺ 96࢙࢘ࣝࣉ࣮ࣞࢺ࡟᧛✀ࡋ㸪CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮㸦37°C㸪5% CO2㸧࡛ᇵ
㣴ࡋ㸪୍ᬌ᥋╔ᚋ࡟ྛ✀࢔ࢵࢭ࢖࡟౑⏝ࡋࡓ㸬ྛࣟࢵࢺࡢ࣓࣮࣮࢝CoA グ㍕ࡢάᛶ್ࢆ
Supplemental table࡟ࡲ࡜ࡵࡿ㸬
3.3 HepG2⣽⬊
⣽⬊㸸Human hepatocellular carcinoma HepG2 cells㸦American Type Culture Collection㸧
ᇵᆅ㸸Minimum essential medium㸦௨ୗࡢ⤌ᡂྵ᭷㸸1 mM sodium pyruvate, 0.1 mM non-essential 
amino acids, 2 mM L-glutamine, 10% fetal bovine serum㸧 (Life Technologies Inc.).
HepG2⣽⬊ࢆ㸪ୖグᇵᆅࢆ⏝࠸࡚ T75ࡲࡓࡣ T225 flaskࢆ⏝࠸࡚ 80%௨ୗࡢ confluence࡛⥅௦
ᇵ㣴ࡋࡓ㸬⥅௦᫬ࡣ 0.25% trypsin/0.02% ethylenediaminetetraacetic acid (EDTA) solution 
(Sigma-Aldrich)࡛⣽⬊ࢆࡣࡀࡋࡓ㸬⼥ゎࡋࡓᚋ㸪7 × 104 cells/0.1 mL࡟ㄪ〇ࡋ㸪100 ȝL/wellࡎࡘ 96
࢙࢘ࣝࣉ࣮ࣞࢺ࡟᧛✀ࡋ㸪CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮㸦37°C㸪5% CO2㸧࡛ᇵ㣴ࡋ㸪୍ᬌ᥋╔ᚋ࡟ྛ✀
࢔ࢵࢭ࢖࡟౑⏝ࡋࡓ㸬
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Supplemental table: Summary of Lot Characterization Results of human hepatocytes
PHEN:Phenacetin-O-deethylation, COUM:Coumarin hydroxylation, TOLB: Tolbutamide 4'-methyl-hydroxylation, 
MEPH:Mephenytoin 4'-hydroxylation, DEX:Dextromethorphan-O-Demethylation, CZX:Chlorzoxazone 6-hydroxylation,
TEST:Teststerone 6-beta-hydroxylation, ECOD:7-Ethoxycoumarin-O-deethylation,
7-HCG:7-hydroxycoumarin glucronidation, 7-HCS:7-hydroxycoumarin sulfation
Substrate concentration are unknown.
MAX, MIN, AVERAGE values were calculated using the results of 22 donor lots in the Certificate of Analysis.
CYP1A2 CYP2A6 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A4 CYP1A2/2E1 UGT/ST CGT/ST
PHEN COUM TOLB MEPH DEX CZX TEST ECOD 7-HCG 7-HCS
YEM 15.5 107.0 37.5 8.0 1.8 71.7 129.0 154.0 415.0 18.6
CPQ 18.0 105.0 36.4 17.8 32.1 49.9 95.2 78.0 440.0 41.0
SHM 4.0 26.0 9.0 2.0 65.0 54.0 15.0 27.0 347.0 52.0
MAX 57.2 127.0 92.8 29.0 76.0 81.6 154 560 558 62.6
AVERAGE 20.3 62.0 30.1 11.4 25.2 37.0 66.5 81.1 360 31.5
MIN 2.0 2.8 8.0 0.2 0.4 8.0 10.9 9.0 15.0 5.0
Activity (pmol/106 cells/min)
Lot No.
46
4. ᐇ㦂᪉ἲ
4.1 ⸆≀௦ㅰ㓝⣲άᛶ ᐃ
ศ໬ࡉࡏࡓ HepaRG⣽⬊㸦7.2 × 104 cells/0.1 mL per well/96 well plate㸧㸪᧛✀ᚋ୍ᬌ᥋╔ࡉࡏࡓࣄ
ࢺ෾⤖⫢⣽⬊㸦3.5 × 104 cells/0.1 mL per well/96 well plate㸧࠾ࡼࡧ HepG2⣽⬊㸦7 × 104 cells/0.1 mL 
per well/96 well plate㸧࡟ࡘ࠸࡚㸪ྛ⣽⬊ࡢᇵᆅࢆྛศᏊ✀ࡢ≉␗ⓗᇶ㉁࢝ࢡࢸࣝࢆྵࡴᇵᆅ࡟஺
᥮ࡍࡿ㸬ᇶ㉁࢝ࢡࢸࣝࡣྛ⣽⬊⏝ࡢᇵᆅ㸦HepaRG⣽⬊㸸Medium 640㸪ࣄࢺ෾⤖⫢⣽⬊㸸CP Medium®
with Torpedo Antibiotic Mix®(1:45, v/v)㸪HepG2⣽⬊㸸ᇵ㣴⏝Minimum essential medium㸧࡟ΰྜࡋ㸪
ྛᇶ㉁ࡢ᭱⤊⃰ᗘ࡜ࡋࡓ㸦40 PM phenacetin, 50 PM bupropion, 5 PM diclofenac, 100 PM
S-mephenytoin, 5 PM bufuralol, 5 PM midazolam, and 100 PM 7-hydroxycoumarin㸧㸬ᇶ㉁᭚㟢ᚋ㸪
37°C࡛ 60ศᇵ㣴ࡋ㸪60ศᚋ㸪ୖΎᇵᆅ 100 PLࢆ᥇ྲྀࡋ㸪2 PM caffeineࢆྵࡴMeCNࢆ 50 PL
ࢆῧຍࡋ཯ᛂ⤊஢ࡉࡏࡓ㸬཯ᛂ೵Ṇᚋࡢࢧࣥࣉࣝࡣ෾⤖ಖᏑ㸦í80°C㸧ࡋࡓ㸬෾⤖ಖᏑࡋࡓࢧࣥ
ࣉࣝࡣ㸪1 PM niflumic acid (Negative ion modeࡢ IS)ࢆῧຍࡋࡓࡢࡕ㸪࣓ࢱࣀ࣮ࣝ࡟ࡼࡿ㝖ࢱࣥࣃ
ࢡἲ࡛๓ฎ⌮ࡋ㸪ୖΎࢆ Dry upࡉࡏ㸪෌⁐ゎ⁐ᾮ㸦Water/acetonitrile/methanol (9/5/1, v/v/v)㸧࡟⁐
ゎࡉࡏ㸪LC-MS/MS⏝ࡢศᯒࢧࣥࣉࣝ࡜ࡋࡓ㸬
࠙ศᯒ᮲௳ࠚ
ศᯒᶵჾ㸸LC-MS/MS [Waters ACQUITY UPLC interfaced with an API4000 (Sciex)] 
⛣ື┦㸸A㸸 0.1% (v/v) acetic acid in water㸪B㸸acetonitrile. 
࣒࢝ࣛ㸸UPLC ACQUITY HSS T3 column (2.1 × 50 mm, 1.8-Pm; Waters)
࣒࢝ࣛ ᗘ㸸40°C
ὶ㔞㸸0.4 mL/min
ࢢࣛࢪ࢚ࣥࢺ᮲௳㸸
A/B = 99/1, 99/1, 10/90, 2/98, 2/98, 99/1, and 99/1 (at 0, 0.4, 2.0, 2.2, 2.6, 2.61, and 4.0 min).
 ᐃᑐ㇟࡜ࡋࡓศᏊ✀࠾ࡼࡧྛᇶ㉁ࡢ≉␗ⓗ௦ㅰ≀㸦Q1/Q3 (m/z) transition㸧ࢆ௨ୗ࡟♧ࡍ㸬
≉␗ⓗ௦ㅰ≀ Q1/Q3 (m/z), mode
Phenacetin O-deethylase activity (CYP1A2) 㸸APAP 152/110, +
Bupropion hydroxylase activity(CYP2B6) 㸸hydroxybupropion 256/238, +
Diclofenac 4މ-hydroxylase activity (CYP2C9) 㸸4މ-hydroxydiclofenac 312/231, +
S-PHSKHQ\WRLQމ-hydroxylase activity (CYP2C19)㸸4މ-hydroxymephenytoin 235/150,+
Bufuralol 1މ-hydroxylase activity (CYP2D6) 㸸1މ-hydroxybufuralol 278/186, +
Midazolam 1މ-hydroxylase activity (CYP3A4) 㸸1މ-hydroxymidazolam 342/324, +
7-hydroxycoumarin glucuronidation activity (UGT)㸸7-HC-glucuronide 339/163, +
7-hydroxycoumarin sulfation activity activity (SULT)㸸7-HC-sulfate 241/161, 
Internal standard (IS ) for positive mode 㸸 caffeine 195/138, +
Internal standard (IS ) for negative mode㸸 niflumic acid 281/237, 
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4.2 APAP௦ㅰ≀ ᐃ
ศ໬ࡉࡏࡓ HepaRG⣽⬊㸦7.2 × 104 cells/0.1 mL per well/96 well plate㸧࡟ APAP࠾ࡼࡧྛ✀㜼ᐖ๣
ࢆ 72᫬㛫᭚㟢ᚋࡢୖΎᇵᆅࢆࢧࣥࣉࣜࣥࢢࡋ㸪෾⤖ಖᏑ㸦í80°C㸧ࡋࡓ㸬
ࢧࣥࣉࣝ 10 PL࡟ 2 PM caffeine (IS)ࢆྵࡴ acetonitrile/methanol (5/1, v/v)ࢆ 200 PL ῧຍࡋᚎࢱࣥࣃ
ࢡᚋ filteration (0.45 Pm)ࡋࡓࡶࡢ࡟㸪㉸⣧Ỉ 300PLࢆῧຍ࣭ΰྜࡋ㸪LC-MS/MS⏝ࡢศᯒࢧࣥࣉ
ࣝ࡜ࡋࡓ㸬
࠙ศᯒ᮲௳ࠚ
ศᯒᶵჾ㸸LC-MS/MS [Waters ACQUITY UPLC interfaced with an API4000 (Sciex)] 
⛣ື┦㸸A㸸Water/formic acid (1000/1, v/v)㸪B㸸Acetonitrile/formic acid (1000/1, v/v)
࣒࢝ࣛ㸸UPLC ACQUITY HSS T3 column (2.1 × 50 mm, 1.8-Pm; Waters)
࣒࢝ࣛ ᗘ㸸40°C
ὶ㔞㸸0.4 mL/min
ࢢࣛࢪ࢚ࣥࢺ᮲௳㸸
A/B = 99/1, 99/1, 10/90, 2/98, 2/98, 99/1, 99/1 (at 0, 0.4, 2.0, 2.2, 2.6, 2.61, 4.0 min).
 ᐃᑐ㇟࡜ࡋࡓ௦ㅰ≀㸦Q1/Q3 (m/z) transition㸧ࢆ௨ୗ࡟♧ࡍ㸬
௦ㅰ≀ Q1/Q3 (m/z), mode
7-APAP-glucuronide 328/152, +
7-APAP-sulfate 232/152, +
caffeine 195/138, +
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4.3 ⣽⬊ẘᛶホ౯
ศ໬ࡉࡏࡓ HepaRG⣽⬊㸦7.2 × 104 cells/0.1 mL per well/96 well plate㸧ཬࡧ᧛✀ᚋ୍ᬌ᥋╔ࡉࡏ
ࡓࣄࢺ෾⤖⫢⣽⬊㸦3.5 × 104 cells/0.1 mL per well/96 well plate㸧࡟⿕㦂≀㉁ࢆྵࡴᇵᆅ࡟஺᥮ࡋ㸪
⿕㦂≀㉁ࢆ᭚㟢ࡋࡓ㸬᭚㟢⏝ᇵᆅࡣ㸪HepaRG⣽⬊ࡀMedium 640㸪ࣄࢺ෾⤖⫢⣽⬊ࡀ CP Medium®
with Torpedo Antibiotic Mix®(1:45, v/v)ࢆ⏝࠸࡚㸪⿕㦂≀㉁ࡢཎᾮࢆ DMSOࢆ⁐፹࡜ࡋ࡚ 200ಸ⃰
ᗘ࡛ㄪ〇ࡋ㸪ᇵᆅ࡛ 200ಸᕼ㔘ࡋ᭚㟢ࡋࡓ㸦CPAࡣ⵨␃Ỉࢆ⁐፹࡜ࡋࡓ㸧㸬
⿕㦂≀㉁᭚㟢ᚋ 48᫬㛫ࡲࡓࡣ 72᫬㛫㸦➨ 5❶㸪➨ 3, 4⠇ࡢ HepaRG⣽⬊ࢆ⏝࠸ࡓホ౯ࡢࡳ㸧ᚋ
࡟ ATP assay࡟࡚ Cell viability ᐃࡋࡓ㸬
ྛ✀㜼ᐖ๣ࡢฎ⌮᮲௳ࢆ௨ୗ࡟グࡍ㸬
ABT:100 PM㸦HepaRG⣽⬊㸧/500 PM 㸦ࣄࢺ෾⤖⫢⣽⬊㸧㸦⁐፹㸸⵨␃Ỉ㸧㸪⿕㦂≀㉁࡜ྠ᫬ฎ⌮
BSO:100 PM㸦⁐፹㸸⵨␃Ỉ㸧㸪⿕㦂≀㉁ฎ⌮ 24᫬㛫๓࡟ฎ⌮
SAM:500 PM㸦⁐፹㸸DMSO 0.025%㸧㸪⿕㦂≀㉁࡜ྠ᫬ฎ⌮
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4.4 ⥙⨶ⓗ㑇ఏᏊⓎ⌧ኚືゎᯒ
4.4.1 RNAᢳฟ
HepG2⣽⬊㸦1 × 105 cells/1 mL per well/24 well plate㸧ࢆ᧛✀ᚋ୍ᬌ᥋╔ࡉࡏࡓᚋ㸪ᇵᆅࢆ⿕㦂≀㉁
㸦AFB1ཪࡣCPA㸧ྵ᭷ᇵᆅ㸦1 mL㸧࡟஺᥮ࡋ㸪24᫬㛫᭚㟢ᚋ㸪⣽⬊ࢆᅇ཰ࡋࡓ㸬
HepaRG⣽⬊㸦48 × 104 cells/0.5 mL per well/24 well plate㸧ࢆMedium 670ࢆ⏝࠸࡚᧛✀ᚋ୍ᬌ᥋╔ࡉ
ࡏ㸪Medium 620࡟஺᥮ࡋ㸪6᪥㛫ᇵ㣴ࡋࡓ㸬ࡑࡢᚋCPAྵ᭷ࡢMedium 640࡟஺᥮ࡋ㸪24᫬㛫᭚㟢ᚋ
⣽⬊ࢆᅇ཰ࡋࡓ㸬ศ໬ࡋࡓHepaRG⣽⬊㸦0.45 × 106 cells/ cm2/24 well plate㸪ࣉ࣮ࣞࢺ᥋╔ࢱ࢖ࣉ㸧࡟
Medium 630࡛2᪥㛫ᇵ㣴ᚋ㸪Medium 620࡟஺᥮ࡋ5᪥㛫ᇵ㣴㸪AFB1ྵ᭷ࡢMedium 630࡟ᇵᆅ஺᥮ࡋ㸪
24᫬㛫᭚㟢ࡋ㸪⣽⬊ࢆᅇ཰ࡋࡓ㸬
ୖグᡭ㡰࡛ᅇ཰ࡋࡓ⣽⬊࠿ࡽTotal RNAࢆRNeasy Mini Kit (QIAGEN)ࢆ⏝࠸࡚ᢳฟࡋࡓ㸬ᢳฟ᧯స
ࡣ࢟ࢵࢺࡢࣉࣟࢺࢥ࣮ࣝࡢᡭ㡰㏻ࡾ࡟⾜ࡗࡓ㸬⣙60%ࡢTotal RNAࢆᅇ཰࡛ࡁࡿ᮲௳ࡢࢧࣥࣉࣝࢆ㸪
⥙⨶ⓗ㑇ఏᏊኚືゎᯒ࡟౑⏝ࡋࡓ㸦N=1㸧㸬
4.4.2 DNA࣐࢖ࢡࣟ࢔ࣞ࢖ゎᯒ
Total RNA ࡢရ㉁ࡢᣦᶆ࡜ࡋ࡚ A260/A280 ẚࢆ NanoDrop ND-1000 spectrophotometer (Asahi 
Glass Co.,Ltd.)ࢆ⏝࠸࡚ ᐃࡋ㸪 RNA integrity number (RIN)ࡣ 2100 Bioanalyzer (Agilent 
Technologies)ࢆ⏝࠸࡚⟬ฟࡋࡓ㸬RNAࢧࣥࣉࣝࡢရ㉁ᢸಖࡢࢡࣛ࢖ࢸࣜ࢔࡜ࡋ࡚㸪A260/A280>1.6㸪
RIN>8ࢆタᐃࡋࡓ㸬Biotin-labeled cRNAࢆGeneChip® HT One-Cycle cDNA Synthesis Kit (Affymetrix)㸪
GeneChip® HT IVT Labeling Kit (Affymetrix) ࡲࡓࡣ GeneChip® މ,97([SUHVV.LW$II\PHWUL[ࢆ⏝
࠸࡚ᡭ㡰࡟ᚑ࠸ྜᡂࡋࡓ㸬⥙⨶ⓗ㑇ఏᏊኚືゎᯒ࡟ࡣ GeneChip® Human Genome U133 Plus 2.0 
Array (Affymetrix)ࢆ౑⏝ࡋ㸪ࣁ࢖ࣈࣜࢲ࢖ࢮ࣮ࢩࣙࣥ㸪Ὑί㸪ᰁⰍࡣ GeneChip® Hybridization, Wash, 
and Stain Kit (Affymetrix)ࢆ⏝࠸㸪GeneChip® Fluidics Station 450 (Affymetrix)࡟ࡼࡾ⾜ࡗࡓ㸬ࣁ࢖ࣈ
ࣜࢲ࢖ࢮ࣮ࢩࣙࣥᚋࡢࢩࢢࢼࣝࡣ GeneChip® Scanner 3000 (Affymetrix)࡟ࡼࡾ᳨ฟࡋ㸪᳨ฟ⤖ᯝࢆ
Expression Console Ver.1.1 (Affymetrix)ࡢࢯࣇࢺ࢚࢘࢔ࢆ⏝࠸࡚㸪ゎᯒࡋࡓ㸬GAPDHࡢ މމVLJQDO
ratio> 3ࢆရ㉁ᢸಖࡢࢡࣛ࢖ࢸࣜ࢔࡜ࡋ࡚タᐃࡋࡓ㸬GeneChip ࢹ࣮ࢱࡣMAS 5.0 algorithm with the 
GeneSpring GX (Agilent Technologies)ࡣ⿵ṇࡋ㸪⿵ṇᚋࡢࢹ࣮ࢱࢆ⏝࠸࡚㸪vehicle control⩌࡟ᑐࡍ
ࡿ⿕㦂≀㉁ฎ⌮⩌ࡢ┦ᑐⓗ࡞ fold-changeࢆ⟬ฟࡋࡓ㸬ࡑࡢ⤖ᯝࢆ upregulated࠾ࡼࡧ downregulated
ࡢࢡࣛ࢖ࢸࣜ࢔ࢆࡑࢀࡒࢀ fold change㸪fold change< 0.5࡜ᐃ⩏ࡋ㸪ゎᯒࡋࡓ㸬ࡑࡢ⤖ᯝࢆSpotfire 
DecisionSite 9.1.1㸦TIBCO Software㸧ࢆ⏝࠸࡚㸪UPGMAἲ࡟ࡼࡾ㝵ᒙⓗࢡࣛࢫࢱࣜࣥࢢゎᯒࢆ⾜
࠸㸪⤖ᯝࢆࣄ࣮ࢺ࣐ࢵࣉ࡛♧ࡋࡓ㸬
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4.5 ྛ✀ ᐃ
4.5.1 ࢱࣥࣃࢡᐃ㔞
࢝ࢡࢸࣝᇶ㉁᭚㟢ᚋ㸪ୖ Ύᇵᆅࢆ඲㔞㝖ཤࡋ㸪100 PLࡢ lysis buffer (CelLyticTM M, Sigma-Aldrich)
ࢆῧຍࡋ㸪wellෆࡢ Lysateࢆᅇ཰ࡋࡓ㸬Laysateෆࡢࢱࣥࣃࢡ㔞ࢆ PierceTM BCA Protein Assay Kit 
(Thermo Fisher Scientific, Waltham, MA, USA)ࢆ⏝࠸࡚ ᐃࡋࡓ㸬 ᐃࡣ࢟ࢵࢺࡢࣉࣟࢺࢥ࣮ࣝࡢᡭ
㡰㏻ࡾ࡟⾜ࡗࡓ㸬྾ගᗘࢆ SpectraMax Plusࢆ⏝࠸࡚ ᐃࡋࡓ㸬
4.5.2 ATP assay
໬ྜ≀㉁᭚㟢ᚋࡢ⣽⬊ෆ ATP㔞ࢆ CellTiter-GloTM luminescent Cell Viability Assay (Promega)ࢆ⏝
࠸࡚ ᐃࡋࡓ㸬  ᐃࡣ࢟ࢵࢺࡢࣉࣟࢺࢥ࣮ࣝࡢᡭ㡰㏻ࡾ࡟⾜ࡗࡓ㸬luminescence ࡣ Multilabel 
Counter (1420 ARVO SX, PerkinElme)ࢆ⏝࠸࡚ ᐃࡋ㸪IC50 values ࡣ SOFTMax Pro (Molecular 
Devices)ࢆ⏝࠸࡚⟬ฟࡋࡓ㸬
4.5.3 LDH assay
໬ྜ≀᭚㟢ᚋࡢୖΎ୰ࡢ LDHࢆ LDH Cytotoxicity Detection Kit㸦TaKaRa㸧ࢆ⏝࠸࡚ ᐃࡋࡓ㸬
 ᐃࡣ࢟ࢵࢺࡢࣉࣟࢺࢥ࣮ࣝࡢᡭ㡰㏻ࡾ࡟⾜ࡗࡓ㸬྾ගᗘࡣ Microplate Reader (SpectraMax 
Plus384, MDS)ࢆ⏝࠸࡚ ᐃࡋࡓ㸬
4.5.4 GSH assay
໬ྜ≀㉁᭚㟢ᚋࡢ⣽⬊ෆ GSH㔞ࢆ GSH-GloTM Glutathione assay (Promega)ࢆ⏝࠸࡚ ᐃࡋࡓ㸬
 ᐃࡣ࢟ࢵࢺࡢࣉࣟࢺࢥ࣮ࣝࡢᡭ㡰㏻ࡾ࡟⾜ࡗࡓ㸬luminescenceࡣMultilabel Counter (1420 ARVO 
SX, PerkinElme)ࢆ⏝࠸࡚ ᐃࡋࡓ㸬
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